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REPORT. 



Office of the Commissioners of the "^ 

West Side Irrigation District, > 

Grayson, February 28th, 1877. ) 
To His Excellency, 

William Irwin, 

Governor of the State of California : 

Sir: The Board of Commissioners of the West Side Irrigation 
District have the honor to submit herewith their report, in obedience 
to the requirements of chapter five hundred and ninety-one — An Act 
supplemental to an Act entitled '^An Act to create an irrigation dis- 
trict, to be called the West Side Irrigation District," approved April 
third, eighteen hundred and seventy-six. 

The following is a copy of the Act referred to : 

The People of the, State of California, represented in Senate and Assembly, do enact as follows : 

Section 1. It shall be the duty of the Governor, immediately after the passage of this Act, 
to appoint three competent Commissioners, who shall perform the duties hereinafter imposed 
upon them. 

Sec. 2. As soon as practicable after the appointment of said Commissioners, they shall pro- 
ceed to make a careful examination of the district referred to in said Act, between Tulare Lake 
and the Town of Antioch, and shall cause to be made a thorough topographical survey of said 
proposed canal, and shall definitely locate the same from the point of beginning to the point of 
tennination ; they shall accurately determine the extent, limits, and exterior boundaries of said 
district, and shall make accurate plats and charts of said district, and of the line of the pro- 
posed canal ; they shall specify the dimensions and grade of said proposed canal, and make an 
accurate estimate of the cost of constructing the same. They shall make a full report, in detail, 
of the matters herein specified, and file the same with the Governor on or before the first day of 
March, eighteen hundred and seventy-seven, with such plats and charts as may be necessary 
for a full understanding of said report Said report shall be published in at least one newspa- 
per published in each of the counties in which any portion of said district is located, for at least 
thirty days preceding the election hereinafter provided for. 

Skc. 3. After the filing of said report, the Commissioners shall order an election to be held 
in said district, at the time, in the manner, and for the purposes mentioned in section three of 
the Act to which this Act is supplemental ; all the powers and duties conferred upon the Board 
of Commissioners whose appointment is provided for in section two of said Act, and not in con- 
flict with the provisions oi this Act, are hereby conferred upon the Commissioners appointed by 
virtue hereof; provided, that so much of said section three of said Act to which this Act is sup- 
plemental as requires an election to be held within sixty days after the passage of said Act, is 
hereby repealed ; and provided, that at said election to be held on the first Tuesday in May, 
eighteen hundred and seventy- seven, the ballots shall contain, in addition to the names of the 
persons to be voted for, the words "Tax — Yes," or "Tax — No." If a majority of those 
voting on the question of said tax shall vote " Tax — No," the Board of Commissioners shall 
so proclaim it, and no further proceedings shall be had under this Act or the Act to which this 
Act is supplemental ; but if a majority of those voting on said question shall vote " Tax — Yes," 
the Commissioners shall so proclaim it, and shall proceed as in said Act provided, and all plats, 
maps, and charts of said canal, and of the district, shall be delivered to the Commissioners 
elected at such election. 
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Sec. 4. The said Commissioners provided for in this Act may employ one chief engineer and 
such additional surveyors, draughtsmen, and other assistants as they may deem necessary, who 
shall each be paid a reasonable compensation, to be agreed upon by them and the Commissioners. 

Sec. 5. The said Commissioners, before making their report, must call in for consultation 
some member of the United States Engineer Corps, or if none can be obtained, then some other 
competent engineer, and must submit to him the maps and charts made, and may pay him a 
reasonable compensation for his services. 

Sec. 6. This Act shall take effect from and after its passage. 

The first meeting of the Commissioners was held in Grayson on 
the sixteenth day of May, eighteen hundred and seventy-six, when 
an organization was effected by the election of the Hon. J. R. Mc- 
Donald, of Grayson, as President. A. C. Lander, of Grayson, was 
appointed Secretary, and William Hammond Hall, of San Francisco, 
was appointed Chief Engineer, to aid the Commission in making 
the examinations and surveys provided for in the Act. 

In compliance with the provisions of section five of the Act, the 
Commissioners invited General B. S. Alexander, of the United States 
Engineer Corps, to act as consulting engineer, and although the 
Commissioners could promise him nt) remuneration for his services, 
except a promise to pay, he very generously accepted the invitation 
so to act, and the Commissioners take this opportunity to testify their 
appreciation of his valuable services. 

As the Legislature failed to provide the necessary funds to carry 
out the requirements of the Act, the Commissioners made the follow- 
ing appeal to the residents and property-owners in the district : 

" It is estimated that twenty-five thousand dollars will be required 
for this purpose. We have carefully considered the questions pre- 
sented by this state of affairs, and the following are the conclusions 
at which we have arrived, and in which we ask your concurrence : 
We are unable, of course, ourselves to furnish the money needed, 
nor can we give any personal guarantee for its repayment to those 
whose public spirit may prompt them to advance it. We are satis- 
fied, however, that the alternative presented to the people of this 
district is the raising of said amount by voluntary subscription, at 
the cost of whatever temporary inconvenience it may entail, or the 
relinquishment of as bright a future as ever stimulated a community 
to energetic, immediate, and public-spirited efforts. That by pur 
sturdy and combined efforts we can overcome the single obstacle 
which remains in the way of accomplishment of the beneficent pur- 
poses of the original Act. Because, if the scheme for which we have 
worked so hard already should prove feasible, and shall be carried 
out, there is no possible doubt that the result will be to substitute 
for poverty and a precarious subsistence, wealth and assured pros- 
perity and abundance — for a thinly-inhabited, sterile, and uninvit- 
ing country, a populous, productive, fruitful, and attractive land. Is 
not so great a prize well worth so small an effort? And even should 
the survey demonstrate that our plan is impracticable, is it not well 
that we should know it now? And if we must abandon the district 
and seek other homes, do so at once, without further waste of time 
and further expenditure in the attempt to do what cannot be done." 

The assurance of your Excellency that you would recommend to 
the Legislature the expediency of appropriating a suflBcient sum to 
liquidate the necessary indebtedness incurred, in the event the tax 
should not be voted, as provided in section three of the original Act, 



has enabled the Commissioners to procure loans from residents of 
the district, and other interested parties, in a sufficient amount to 
carry out the requirements of the Act. It is, however, understood 
that if the people vote for the tax these borrowed moneys are to be 
paid out of the proceeds of the first sale of bonds. These loans have 
been obtained m sums varying from twenty-five to one thousand 
dollars, for which the Commissioners have issued certificates of in- 
debtedness, pledging themselves to obtain, if possible, from the next 
Legislature an appropriation to repay the sums so advanced in the 
event of the rejection of the tax. Having made arrangements for 
procuring funds, at least sufficient to commence the work, William 
Hammond Hall, Esq., as chief, and under his direction a corps of 
engineers, entered upon a thorough topographical survey of the pro- 
posed line of canal. At the very outset the Commission were com- 
pelled to meet a grave difficulty — to decide upon a line of action 
left in a very obscure condition by the wording of the Act. It be- 
came necessary to determine, at least approximately, the boundaries 
of the, district, without entering at all upon the question whether 
the Legislature could, under the State Constitution, delegate power to 
the Board of Commissioners to decide determinately upon a bound- 
ary (w^est) of the district, according to their sole will and judgment, 
moving it miles to the east or west, according to their own pleasure. 
They were compelled to face the still graver question arising from 
the terms of the Act, which distinctly specified that from the point 
on tide water the line (eastern boundary) should run " northerly and 
easterly by a line commencing at said point of intersection on said 
bay, and running thence southerly and easterly along the segrega- 
tion line between the swamp and overflowed lands and high lands 
lying westerly from the San Joaquin, Fresno Slough, and King's 
Eiver, to a point about twelve miles westerly of Tulare Lake." The 
question was immediately presented, Is there such a segregation 
line? This was answered in the negative, at least for a larger por- 
tion of the distance to Tulare Lake. It became necessai:y then to 
decide whether it was within the power of the Commission to legally 
establish such a line. This, also, they were compelled to answer in 
the negative. While this oDJection seemed vital to the continuance 
effectively of the work, yet upon consultation with the friends of the 
bill, and in consideration of the great desire expressed that the sur- 
vey should be made so as to obtain the proper data upon which 
eventually to build a success, they determined to and did so instruct 
their engineer to have surveyed a line between high and overflowed 
lands in such manner as to leave no doubt that all lands which could 
claim exemption from the district, under this reading of the Act, 
should be left out. This was done under the supervision of the 
Chief Engineer, by a party in charge of a surveyor of experience in 
such matters, and is the line plotted upon the map as the eastern 
boundary of the district. And while the Commissioners decidedly 
decline to express any opinion as to the legal status of such bound- 
ary, they do believe that no lands have been thus taken into the dis- 
trict which could have been left out under the exact language of the 
Act. As soon as the corps of engineers were fairly at work the Com- 
missioners proceeded to Tulare Lake for the purpose of locating the 
point of beginning, and the site of the head works. In connection 
with their engineer a careful survey of the ground was made. It 
was a matter of some judgment to decide whether the water should 



be taken directly from the lake, or from some point on King's River 
channel, or from some point on the Fresno Slough running north 
from the lake towards San Joaquin River. They found that King's 
River channel extended out into the lake some miles, its current 
forming a channel carrying from sixteen (16) to twenty (20) feet of 
water, with a well-defined and long bar in the lake proper, with suffi- 
cient water — seven (7) feet — for the purpose. That oy dredging one- 
quarter of a mile they could establish the water-gate upon dry and 
solid soil, and could, at a minimum cost, carry the water fifteen miles, 
at which point they would be on grade and be able to begin irriga- 
tion proper. If they determined to start from a point on King's 
River, before its entrance into the lake, their channel was liable to 
be silted up by the river floods ; if below, from some point on Fresno 
Slough, it would be necessary to dredge the slough to a depth in bad 
soil. This channel would probably be worn by the floods from 
King's River; its banks would be unreliable, and the entrance to 
the canal would be liable to being silted up and otherwise damaged. 

For these and other reasons the first location was decided upon 
and so ordered. On this account the first section of the canal, from, 
the water-gate to the head works, or that point at which irrigation 
can commence, will be an excavation in length fifteen (15) miles, 
with a maximum depth of fifteen (15) feet, and an average depth of 
seven (7) feet. The soil to be excavated is very easy to work, and 
with proper machinery can be done at minimum cost. For the full 
details on this subject, we refer to the engineer's report. 

The subject of the proper grade to be given to the canal was 
thoroughly investigated. It was necessary to solve the problem of 
how to furnish the proper amount of water, with least area of canal, 
and at the same time not give it too great a velocity so as to impede 
navigation, and also with due consideration of the different kinds of 
soil from which the banks were to be made. It is hardly possible, in 
this report, even to touch on this very interesting engineering pro- 
blem; suffice it to add, that after deliberation it was determined to 
fix the fall or grade of the canal at not more than four and one-half 
(4i) inches, or less than three (3) inches per mile, dependent upon 
the nature of soils through which it would pass, and other engineer- 
ing considerations. 

In the same manner the width of the different sections of the 
canal were determined, the idea being that the canal was to be a 
flowing stream, and the primary ditches branches of the same; in 
which case the canal would be narrowed from south to north, as 
determined by calculation of the supply of water necessary at every 
section — the greatest width being at tne southern end, with a bottom 
width of one hundred (100) feet, slopes one (1) foot on two (2) feet, 
and the least at the northern end, bottom width thirty-two (32) feet, 
slopes one (1) foot on two (2) feet; the depth of water in the southern 
section being nine and one-half (9i) feet, in the northern section five 
and one-half (5i) feet; the velocity of the water being from one to 
one and a half miles per hour. 

This canal will have a capacity of eighteen hundred cubic feet per 
second, and will be sufficient to irrigate three hundred and forty 
thousand (340,000) acres, that being about the number of acres which 
will have to be irrigated, after making allowance for non-irrigable 
lands, and those taken for houses, farm buildings, roads, etc. 

It is impossible, in this report, to give a detailed description of the 



canal along the entire length. For this we must refer to the very 
able report of the Chief Engineer. In general, however, the entire 
length of the canal will be one hundred and eighty-five and one-half 
(185J) miles. The country through which it passes slopes from south 
to north, two hundred (200) feet in one hundred and sixty (160) 
miles, and slopes from the canal to the eastward from one foot to 
forty feet per mile. 

For a distance of fifteen (15) miles in cutting, and ten (10) miles 
beyond, making twenty-five (25) miles from the lake, the soil is rich, 
being old tule bottom lands ; from this point to Wyruck's, the soil is 
ashy alkaline ; from there to French Store, heavy alkali ; from there 
to crossing of Los Baiios, good loam ; from there and through the 
hill region, gravelly and poor; and in the plain of Los Banos, irreg- 
ular and lumpy. After passing through this region, from the Cotton- 
wood region until we reach BonsalPs, below the crossing of the 
Western Pacific Railroad, all the soil is good, and well fitted for irri- 
gation, although, at some places, the transverse slopes from the canal 
show as high fall as forty (40) feet to the mile. This will, of course, 
make it more expensive to arrange the primary and other ditches 
for the delivery of the water. From BonsalFs to Antioch, the coun- 
try is much broken topographically, with the exception of the plain 
about Point of Timbers and Marsh Creek, and the region known as 
Eden Plains. Of the forty thousand (40,000) acres embraced in this 
portion of the district, eleven thousand (11,000) acres are absolutely 
non-irrigable by reason of their surface being in elevation above the 
water in the canal ; of the remaining twenty-nine thousand (29,000) 
acres, not over seventy-five per cent, are really fitted for agriculture 
by broadcast irrigation. Notice also, in this section, the cost of 
mechanical structures to be four hundred and seventy-eight thousand 
(§478,000) dollars, or over one-third of the whole cost for such class of 
work ; and in earthwork, six hundred and seventy thousand ($670,- 
000) dollars, or over one-fourth of the whole cost from this cause. 
To this add the basin and tide-lock at Antioch, forty thousand ($40,- 
000) dollars. These large costs arise from the necessity of building a 
navigable canal, ending at Antioch, as determined by the terms of 
the Act ; and secondly, from the very expensive class of work neces- 
sary to be performed in constructing such channel through the rough 
region intervening between Bonsall Creek and Point of Timbers 
Plain. 

In the report of the engineer will be found a careful discussion of 
the question of what amount of water it is necessary to furnish per 
acre to the lands lying within the district. The Commissioners feel 
assured that the conclusions arrived at will be found amply suflicient 
for the end desired. It was determined that a canal which would 
deliver twelve (12) inches in depth over the land, in one hundred and 
twenty consecutive days, during the months of November, Decem- 
ber, January, and February, would be amply sufficient, and the works 
are projected upon that basis. 

WATER SUPPLY. 

The Act permits us to take from Lake Tulare one thousand (1,000) 
cubic feet per second, and from the San Joaquin River fifty (50) cubic 
feet per second. From the estimates made, we find it necessary to 
report that this is about two-thirds of the demand for the average of 
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the year. The principal source of supply is Tulare Lake, situated in 
Tulare County, between one hundred and eighty (180) and one hun- 
dred and ninety (190) miles from Antioch, or tide water. This lake 
is a large expanse of water, covering, at its lowest stage, five hundred 
and seventy-five (575) to six hundred, and at its highest stage, eight 
hundred to eight hundred and fifty square miles, not including the 
islands at its southern end, nor the swamps overflowed at times of 
high water. The lake is evidently oval-shaped ; its longest axis 
thirty-two (32) miles, shortest twenty-two (22) mues ; its circumference 
one hundred miles, at the water's edge, at time of low water. The 
ground slopes to the lake from all sides, it being the lowest part of 
the great basin. The level of its waters, at low stage, is about 203.5 
feet above ordinary high tide water. During the course of the year 
the waters rise four (4) feet, to ordinary high water, then four (4) feet 
more, making eight (8) feet to stake of flood ; and probably it may 
recede in extremely dry seasons one (1) foot below ordinary low water. 

Tulare Lake is the natural basin towards which gravitates all the 
catchment waters from a district one hundred and sixty (160) miles 
north and south, along the crest of the Sierra Nevada and Coast 
Range, and also along tne crest of the Tejon Range, closing the val- 
ley on the south, a length of ninety (90) miles from east to west, em- 
bracing a catchment of about thirteen thousand four hundred and 
twenty (13,420) square miles, of which five thousand seven hundred 
and four (5,704) square miles is lake surface, swamp, plains, and foot- 
hills, not rising much above one thousand (1,000) feet in elevation. 
On the west side the Coast Range seldom rises above two thousand 
(2,000) feet. This section is almost treeless; quite precipitous, and 
much broken, with no large streams running into the lake. On the 
south we have the Tejon Range, rising six thousand (6,000) feet, with 
several considerable afiuents, which, with Kern River, discharge into 
Kern and Buena Vista Lakes, which overflow into Lake Tulare. On 
the east we have the Sierra Nevada Range, rising about seven thou- 
sand (7,000) feet and upwards, from which several large streams 
discharge into the lake. On this range the greater amount of the 
waters of precipitation fall in the form of snow, which remains until 
warm weather, then melting, discharges rapidly, within a few weeks, 
causing the spring freshets. 

It will be seen from calculation (engineer's report), that the streams 
of the mountain water-shed of Tulare carry in cubic feet, in average 
seasons, two hundred and seventy-nine billion two hundred and 
forty-six million three hundred and thirty-seven thousand two 
hundred and eighty (279,246,337,280) cubic feet. This amount of 
drainage is delivered at different seasons, as follows: In December, 
January, February, and March, one hundred and twenty-six billion 
two hundred and forty million three hundred and eighty-five thou- 
sand two hundred and eighty (126,240,385,280) cubic feet ; in April, 
May, and June, one hundred and six billion eight hundred and 
twenty million seven hundred and thirty-six thousand (106,820,- 
736,000) cubic feet; in July, August, and September, twenty-nine 
billion two hundred and seventy-two million three hundred and 
twenty thousand (29,272,320,000) cubic feet; in October and Novem- 
ber, sixteen billion nine hundred and twelve million five hundred 
and ninety-six thousand (16,912,596,000) cubic feet. 

The slope of the shores of Lake Tulare is very gradual : hence, be- 
fore reaching the line of water, we find a large body of low tule or 



marsh lands, which, at times of high water, are covered several feet. 
After reaching the line of lake water the soundings deepen very 
slowly for several miles — about five (5) feet to the mile ; this section 
or belt is filled more or less with tule islands, with water channels 
around them. It is known that the lake at a distance of six (6) 
miles from its northern shore has a depth of thirty (30) feet. All tne 
topographical features of the country go to prove that this depth, or 
perhaps a little greater, exists over the center of the basin, the shores 
sloping from all sides to the center. There is but one portion of the 
circumference where the shores do not gradually rise to high levels ; 
that exists on the northwest side, where a low tule-covered outlet 
runs northward to the San Joaquin River fifty-five (55) miles. This 
break has an average width of four (4) miles, is commonly known as 
Fresno Swamp, and at times of high water there is a running stream 
through it, joining the San Joaquin near Firebaugh^s. 

By this outlet the waters commence to escape when they rise to an 
elevation 196.5 feet above datem, that is, one and one-half (IJ) feet 
above ordinary low water in the lake, and two and one-half (2i) 
feet below orainary high water. By calculation, this outlet dis- 
charges, at ordinary high water, from fifteen thousand to thirty 
thousand cubic feet per second, and at flood level, from seventy 
thousand to one hundred and forty thousand cubic feet per second. 

This swamp is found, from borings, to have at a depth of eleven (11) 
feet a bed six (6) feet thick of water-bearing sand, through which 
water undoubtedly escapes. The evaporation from the lake is be- 
lieved to be, from such data as could be obtained, 5.2 feet per annum. 
During the months of July and August of each year seventeen thou- 
sand million of cubic feet of water are taken up by evaporation; 
more than enough to cover all irrigable lands of tne district with 
one foot of water. The total evaporation each year is stated to be 
ninety-five thousand million cubic feet. Ordinarily the lake is at 
its lowest stage of water in November of each year, and it will be 
kept at that level, on account of there being less evaporation and 
slightly increased supply from streams and underground percolation, 
until the usual freshets of December and January raise its waters to 
the overflowing stage. It will remain at this level until the melting 
of snows in the months of May and June, when the level of water will 
reach ordinary high water — a rise of four (4) feet, from one hundred 
and ninety-five (195) to one hundred and ninety-nine (199). Although 
at this stage there is a discharge of an immense volume of water, this 
level generally remains the same for several weeks, and then gradu- 
ally recedes to low- water stage. 

The Commisioners are of the opinion that there is an abundant 
supply of water fiowing into Tulare Lake during each year to permit 
the drawing off of a sufficient quantity to carry out all the purposes 
intended by the Act ; but that it may be necessary to construct works 
for the purpose of preventing the escape of the surplus amount of 
water which rushes down during the fioods, caused by the melting 
of the snows, and to turn them into the lake, so as to keep the lake 
at an assured determined level each year. To this end, they recom- 
mend a dyke to be built across Fresno Swamp, at some point below 
King^s River, with an overfiow dam. This dyke will gradually set- 
tle from its weight, and will tend to compress the sand stratums 
below the surface, under said swamp or tule swamp, and thus restrain 
2 
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the flow of water through this stratum of sand to the north, towards 
San Joaquin River. 

The explicit language of the Act compelled the location of the 
canal " to some point at or near Antioch." The Commission, in com- 
pany with the Chief Engineer, visited and made a complete recon- 
noissance of the country around Antioch. It was determined that, 
on account of engineering facilities in the one case and engineering 
difficulties in all others, it was necessary to place the tide basin and 
terminal lock on Fuller's Point, about one quarter of a mile east of 
Antioch. Thus this town would be placed outside of the district. 

The Commissioners discussed with their engineer the whole matter 
of placing the terminal locks at or near Bonsairs, and joining the 
canal to tide water at some point near there, on the west branch of the 
San Joaquin (old river). They fully appreciate the many advan- 
tages and great saving to be thus obtained, but do not consider that, 
under the terms of the Act, they have any choice, otherwise than to 
locate as they have done, in the spirit and interest of the Act. At 
the same time, they call especial attention to the able discussion on 
the following subjects, which will be found in the report of Mr. Hall, 
the engineer, which accompanies this report : 

First — As to the peculiarly expensive nature of the work from 
Bonsall's to Fuller's Point. 

Second — As to the relative advantages of a canal for irrigation 
alone, and one combining irrigation and navigation. 

Third — As to the probable operations in the future of parties desir- 
ous of reclaiming lands around Tulare Lake. 

These subjects do not necessarily make a portion of our report, but 
are of great importance, and should be carefully considered. 

ESTIMATES OF COST. 

The Chief Engineer's official statement of the cost in detail of the 
work for a canal, filling all the requirements of the Act, is given 
herewith. They cannot add any information, as the statement is so 
plain that it requires only the confirmation of the Board. The Com- 
missioners are satisfied that this statement will bear the closest 
examination. It will be noticed that in this statement is given, not 
only the estimates of costs of different kinds of work, but a descrip- 
tion of the work itself, as required by the Act. 
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Description and Estimate of Cost — Continued. 

AREA OF DISTRICT. 

Gross area, within boundaries — acres 503,717 

Non-irrigable lands (estimated) — ^acres 12,800 

Irrigable lands of district — acres 490,917 

SUMMARY OF COST. 

Earthwork $2,423,397 

Structures 1,255,954 

Total for canal $3,679,351 

King's River embankment 150,000 

Overflow weir in King's River embankment 25,000 

Houses for employes 20,000 

Basin and tide-lock at Antioch 40,000 

$3,914,351 
Add ten per cent, for engineering, superintendence, and clerical duty 391,435 

Total cost $4,305,786 

Not wishing to make this report too lengthy, we have refrained 
from entering upon many topics which are of general interest to all, 
as well as to tne people of the West Side District : but it is considered 
proper to give a few lines to a statement of the condition of the dis- 
trict with respect to the necessity which exists for procuring water 
in some manner for their lands. The rainfall of the section of 
country lying on the west side of the San Joaquin River has been 
always variable, seldom sufficient, and very rarely, if at all, in excess. 
We have the following tables, which have been kept by reliable 
observers at Antioch and at Grayson : 

RAINFALL AT ANTIOCH. 

Winter of 1871-2 29.71 inches. 

Winter of 1872-3 13.87 inches. 

Winter of 1873-4 13.86 inches. 

Winter of 1874-5 11.62 inches. 

Winter of 1875-6 17.28 inches. 

Winter of 1876-7, to March 1st __ 3.66 inches. 

RAINFALL AT GRAYSON, STANISLAUS COUNTY. 

Winter of 1870-1 6.34 inches — crop total failure. 

Winter of 1871-2 18 inches — good crop. 

Winter of 1872-3 9.56 inches— light crop. 

Winter of 1873-4 11.81 inches — very light crop. 

Winter of 1874-5 9.27 inches — almost total failure. 

Winter of 1875-6 16 inches — fair crop. 

Winter of 1876-7, to March 1st 2.75 inches. 

It will be observed that since and including the years eighteen 
hundred and sixty-eight-nine there have been two (2) good crops, 
one (1] fair crop, and two (2) which have hardly paid expenses, and 
three (3) total failures. Grayson is about the centre of the district, 
from north to south. The amount of rainfall invariably decreases 
going south ; and it is a known fact that the rainfall is always much 
less on the west side of the San Joaquin than east of that river. This 
year, eighteen hundred and seventy-six-seven, the rainfall at Gray- 
son has been, to March first, only 2.75 inches, and south of that 
point hardly enough to lay the dust. There is hardly a remote 
chance of any crop being made, and even the stock will die out, or 
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must be removed to other grazing lands. Under these circumstances 
it becomes an absolute necessity to provide water for the lands of 
the district, or to abandon the intention of farming them. 

The terms of the Act requiring that the east boundary of the dis- 
trict should be fixed on the line of segregation, compelled the Com- 
missioners to investigate the situation of the property of the San 
Joaquin and King's River Canal Company. That company have 
forty (40) miles of canal now built and in use, from the junction of 
the San Joaquin River and Fresno Slough, and commanding the 
water-supply of both, to the crossing of tne Los Baiios. They are 
preparing to extend the canal to a point near Moore's Landing, on 
the San Joaquin River, having made their surveys, locations, and 
claims thereto. This canal almost bisects the proposed West Side 
District, being intended to irrigate one hundred and twenty thousand 
(120,000) acres, which lie within the boundaries of the district as 
fixed by the Act. 

Under authority of the Act the Commissioners are permitted to 
acquire all such properties as they may deem necessary, for the 
proper carrying out of the purposes of the Act, either by purchase 
or by legal condemnation. While the present Commissioners do not 
feel it to be within their province at present to absorb this property, 
yet, in consideration of the fact that by so doing the control of the 
waters of the San Joaquin River can be obtained, and that the 
property as now situated interrupts the intents and purposes of the 
Act, and for the purpose of settlement of all questions of rights of 
property, and of taxation, and having in view perfecting a complete 
system of irrigation for the whole district, they recommend that the 
property of the San Joaquin and King's River Canal Company be 
taken into the district, and that their successors in office take action 
in this matter under section twelve of the original Act. 

Before closing this report, it is perhaps proper to add a few sugges- 
tions upon irrigation in general, and such information as is at hand 
about irrigation in California. 

Irrigation has been employed by men in different lands for ages. 
Experience has compelled man to assist nature in its application of 
water supply to the earth. It has not only been employed where 
there has been a scarcity of rain, but in some lands where the rain- 
fall yearly was very great, but coming during a limited period, leav- 
ing many dry months with no rainfall; hence man has stored up the 
supply in manv different ways, and kept it to be expended when 
most needed. When we look into the history of irrigation we find, 
however, that it has almost invariably followed a dense population, 
not preceded ; also, that it has been a plant of slow growth, com- 
mencing in the small, and being increased as needed, little by little; 
hence, in those places it has been highly remunerative. In other 
cases where large irrigation schemes have been planned and carried 
out, simply on speculation, failure has been the rule. Water, like 
every other commercial article, is subject to the law of supply and 
demand • therefore, in all schemes oi irrigation not only is water 
needed, but also the laborer to make use of it. It should also be 
remembered that water, like other things, may be so expensive as to 
become a luxury — beyond the reach of men of ordinary means. 
While, therefore, we find that irrigable lands have attained very high 
prices in some countries, as in Spain, and France, and Italy, it must 
be borne in mind that every other circumstance preceded water to 
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effect this end. The grand works of irrigation carried on in India, 
by the Government, were a necessity. It was better to spend large 
sums in that way than to have the constantly recurring famines, or 
to furnish supplies of food to the starving people. When we come 
to our State and give honest attention to the facts, as before us, it is 
suggested that the same rules apply. In those cases where the par- 
ties taking out the water did so in quantities needful for the work at 
hand, success, great success, has followed the effort — each drop of water 
was turned into gold. But how is it with those large schemes, either 
started for revenue from sale of water or for the purpose of control- 
ling extended ranches. We have yet to hear of the first dividend on 
water stock, and in most of the latter cases an immense production 
has not met with a paying market. If a party can work only one 
hundred or two hundred acres of land, it becomes a question of cal- 
culation whether, in order to have water for that two hundred acres, 
he can afford to pay for water for ten thousand acres. It is true that 
in a sense his land is greatly increased in value, provided he can find 
a customer to purchase. In the San Joaquin country it is undoubt- 
edly true that where parties have been able to get water they have 
reaped large returns. Beauty and wealth has sprung up in desert 
places. It is true, also, that lands have risen in value from three to 
four dollars the acre to forty ($40) dollars, or fifty ($50) dollars, and 
in one or two colonies to still higher prices. It is true that in Kern 
County one can see most wonderful results from irrigation, and .there 
can be no doubt that if a full supply of water could be furnished to 
the West Side Irrigation District, and properly made use of, that a 
section now sitting in dust and almost positive ruin would bloom 
and blossom and bear immense fruit. It is not considered necessary 
to give any statistics of results from irrigation to the people of that 
district; they have heard of, if not seen those results. But it would 
be unjust not to call attention to the necessity which must arise for 
heavy outlay, both of work and money, even to apply the water after 
the main canal is finished. It is proper that each one should have 
some idea of what the cost will be, even after the main canal is fin- 
ished. What will it be? Probably there is no question on which 
there is a greater difference of opinion. After careful inquiry we 
can only say that it has been given to us from one dollar to thirty 
dollars per acre. It depends greatly upon the nature of the soil, and 
its natural relation to the water supply. If a light, deep, sandy soil, 
sloping easily from the canal, the expense to the farmer should be 
small. If it is heavy, black, adobe soil, with not much slope, lying 
irregularly, it will be very great. If hilly hog wallow, the expense 
still greater. We leave to our successors to publish plans for the 
primary and secondary ditches, but in the proper use of water we 
would add a word or two. 

At Badger's Flat we were informed that the wheat, while growing 
luxuriantly, still was a disappointment after threshing. This, 
undoubtedly, arose from the unskilled and too free use of the water. 
Complaints have been made that after irrigation on black lands a 
crust would form, and beneath would be very muddy, thus subject- 
ing the grain to two evils, and even killing alfalfa, undoubtedly ; but 
if such soil was thrown into ridges, and irrigated in the ditches or 
hollows, and not by submersion of the whole tract — the ridge being 
well pulverized — a different effect would have been produced. Also, 
it is said, that on much land it is impossible to arrange the checks so 
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as to flood all parts of a field evenly. This arises from one of two 
causes: either that the party making the checks was ignorant of his 
business, or that the ground was so uneven it should have been 
properly leveled before irrigation. In a word, it can only be said 
that the proper application of water, and the quantities to be made 
use of, must be learned by actual experience. No data taken from 
other lands, where the soil has been under cultivation for years, can 
be relied upon in our new country. Indeed, the results of any one sec- 
tion of the State, or even of adjoining farms, will not necessarily follow 
in any new operation. People must studv the nature of the soil, the 
nearness of bedrock or hard-pan, the lay of the land, and then 
determine the kind and quantity of irrigation needful. As an 
instance, sandy lands (such as on Mussel Slough) can be easily and 
cheaply irrigated by percolation, while heavy soils can be better irri- 
gated by flooding. There can be no doubt, as a result of our exami- 
nation, that in very many cases irrigation has been made very 
expensive from want of experience and knowledge, a want of engi- 
neering skill, and an imperfect knowledge of the proper use of water 
in relation to diff'erent soils and different crops. 

The estimate given in this report, as will be seen, is only the cost 
of the main canal. Primary ditches must be constructed, and these 
must be laid out with great care and engineering skill, as they are 
the only source from which the water can be drawn by the parties 
using. The cost of these ditches will vary considerable in diff'erent 
locations, and in different soils. The report of the United States 
Commissioners, appointed by Act of Congress, page seventy-six, "esti- 
mates that in order to irrigate two thousand four hundred (2,400) 
acres it will be necessary to build five miles of primary ditch, and 
the cost per acre about five dollars." 

Mr. Coffman, Superintendent of the San Joaquin and King's River 
Canal Company, estimates the cost of primary ditches at about one 
dollar per rod. Mr. Chester, of Bakersfield, and Mr. Uriah Wood, of 
Badger's Flat, have also estimated on this cost. And as these gentle- 
men are well known to the people of their section, both for personal 
reliability and also their knowledge of practical irrigation, we annex 
to this part of our report letters received from them in answer to our 
inquiries. Of course, under the terms of the Act, the main canal 
alone is to be provided for; the primary and other ditches must be 
built at the cost of the proprietors using water. 

The Commissioners have been materially aideci in their work by 
General B. S. Alexander, United States Engineer, and return their 
thanks for his hearty cooperation, especially as, under the circum- 
stances, it was not in their power to give him any substantial return 
for his labor. Accompanying this report will be found a letter from 
him; and we also expect to append to the engineer's report a more 
detailed statement of his views upon the engineering work in hand. 

Great praise is due to their energetic and able Chief Engineer, W. 
H. Hall, Esq., for his perseverance in the performance of his work 
under circumstances most trying, from want of sufficient means, 
necessarily coming irregularly to hand. The results of his labor 
sufficiently attest his ability as an engineer. But the Commissioners 
desire to return him thanks for his hearty cooperation. 

The Commissioners also desire to render acknowledgments to 
those public-spirited gentlemen who have advanced the funds by 
which alone this work could have proceeded. 
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We cannot close our report without tendering to your Excellency 
our warmest thanks for the untiring kindness with which you have 
assisted and encouraged us in our labors. 

We have the honor to remain very respectfully, 

Your obedient servants, 

J. R. McDonald, President. 
[seal.] FRANCIS WILLIAMS, Commissioner. 

HENRY DE VEUVE, Commissioner. 



LETTER FROM GENERAL B. S. ALEXANDER. 

San Francisco (Cal.), March 1st, 1877. 

J. R. McDonald, Francis Williams, and Henry de Veuve, Commissioners 
of the West Side Irrigation District : 

Gentlemen : I have examined the report which you have made 
to his Excellency the Governor of California, in pursuance of the 
Act of the Legislature of California " to create an irrigation district, 
to be called the West Side Irrigation District," approved April third, 
eighteen hundred and seventy-six. 

I think your report presents the subject in a concise and clear 
manner. 

My attention, however, has been more particularly given to the 
survey, plans, and estimates of the proposed canal for irrigation and 
navigation from Tulare Lake to Antioch, as prepared by your Chief 
Engineer, William Hammond Hall. My examinations, made from 
time to time, as the office work has progressed, have satisfied me that 
the survey for the location of the canal, as well as the plans of the 
same, and the estimates of the cost of construction, have been care- 
fully, intelligently, and honestly made. 

To assert, when this canal comes to be built, that slight changes in 
location, and in details of plans and estimates, will not be found 
necessary, would be saying too much ; for, in all undertakings of 
this magnitude, experience teaches us that it is impossible to foresee 
all the contingencies which may vary the details of the best matured 
enterprises. Nevertheless, as far as I can judge, you have a very 
thorough survey and alignment of the canal, as contemplated by the 
law under which you are acting, with proper plans for the same, and 
of auxiliary constructions, and also fair estimates of cost. 

That a canal for the irrigation of this district is needed, before the 
country can be rendered permanently productive, there can be no 
doubt; but, before any work is actually commenced or authorized, 
looking to rendering such canal one of navigation, as well as irriga- 
tion, I think all considerations for and against the question of navi- 
gation — particularly that of increased cost — should be thoroughly 
discussed and understood by the people of the district, as well as by 
the next Legislature of California. And, in this connection, it should 
be remembered that, if the west side of the San Joaquin Valley were 
once irrigated by a canal for irrigation alone, emigration would be 
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drawn to this section, and its productions would be greatly increased, 
as to demand a railroad through it ; which, although not giving, per- 
haps, as cheap transportation for the surplus products as a canal 
would furnish, yet such railroad, in connection with the river, would 
probably answer all the requirements in the way of freights and 
passenger traffic, at least for many years, and at much less cost than 
by a canal suited' for irrigation, and also for transportation. In fact, 
the difference of cost between a canal for irrigation alone, and one 
for both irrigation and navigation, would fully cover the cost of such 
railroad. 

Very respectfully, your obedient servant, 

B. S. ALEXANDER, 
Lieut. Col. Eng'rs, Br^t Brig. Gen., U. S. A. 



LETTER FROM JULIUS CHESTER. 

Bakersfield, February 23d, 1877. 

/. R. McDonald, Esq,, Grayson : 

Dear Sir : My absence from home came near preventing response 
to your inquiries addressed to me last month. 

1. The average rainfall in Bakersfield. 

The only estimates ever made in this section were made by Colonel 
A. R. Jackson, for many years a resident of this valley. He placed 
the average amount on what is known as the Island, from the years 
eighteen hundred and sixty-five to eighteen hundred and seventy- 
three, at six and five-tenths inches. He left out the dry year of eigh- 
teen hundred and sixty-four, and included the wet winter of eighteen 
hundred and sixty-seven. Bakersfield is situated at the end of San 
Joaquin Valley, nearly on the north side. The rainfall between the 
Sierras and the lakes, an average distance of twenty miles, is much 
less than along the foothills of the Sierras, where the clouds drift 
with the wind currents peculiar to our mountain formation. No 
account has been kept of the rainfall there, but Colonel Jackson 
estimated it at fully one-third more than here. 

2. The effect of irrigation on the soil, climate, and health of the country. 
The extensive irrigation works of this section have been based 

upon the proof made, that the lighter, sandy soils, were fertilized by 
the water, and rendered equal in productive capacity to the low bot- 
tom lands. The character of the soil was materially changed. Near 
the junction of the two main branches of the river the land was 
formed in ridges, and too dry for the growth of the wild grass of the 
lower lands, or the brush, so luxuriant there ; were covered with a 
species of sage brush as dry, at all seasons, as the sage brush of the 
desert. These lands have been reclaimed by the introduction of water, 
and, although they required double the amount of other lands at first, 
soon became this best for general use, because less care was needed to 
3 



18 

f:uard against an. access of water. Many of them are now the choice 
ands of the valley, and from use, and from the fertilizing influence 
of the water, require no more moisture for successful cultivation than 
the natural, heavier lands. 

The effect upon the climate has been to render the heat of the dry 
plains less oppressive. The prevailing winds are from the northwest 
in summer, and the heat is much reduced as they come in contact 
with the moisture distributed by the canals. The effect on the health 
cannot with accuracy be estimated. In the earlier days of the settle- 
ment of this portion of the State malarial fevers were common, 
though mild. It was hardly possible for a stranger to escape the 
effects. A great change has been effected, but it has doubtless grown 
out of the clearing of the dense undergrowth on the low lands. 
Moisture and heat combined to effect rapid decay of vegetable mat- 
ter. Weeds and willow brush grew to a height of fifteen feet, and 
entirely excluded the sun and the air. The swamp lands were twelve 
to twenty miles to the south of town, and strange to say, that portion 
was the most free from malarial influence. The Indians chose the 
border of the lake for their camping ground, not because of the 
abundance of fish in the lakes, for they were equally abundant in 
the river. They believed the locality more free from the prevailing 
malaria. 

For the past ten years an immense work has been done clearing 
away the undergrowth, and exposing the surface to the sun and the 
air. The result has been marked and has shown that the cause was 
not longer to be questioned. 'I'he turning of the water upon the 
lands has apparently had no effect unfavorable to health. The im- 
provement has been constant, although the area irrigated in the 
vicinity of the town has been many thousands of acres. 

3. Ths value of land before and after the application of water. 

The question is presumed to refer to that portion of the land not 
affected by the flow of the river. The dry lands are of no value 
whatever without the use of the water. They would be classed with 
the most unproductive of the lands of the plains. With the use of 
the water they become equal to the most fertile lands of the State; 
will produce two crops per year, and improve in quality by the cul- 
tivation. Without water they remain unoccupied, and unsought for 
at Government price. With water they are valued here at twenty to 
thirty dollars per acre. In Los Angeles County similar lands are 
valued at one hundred dollars per acre. 

4. The cost of preparing the land to receive the watery and cost of water 
per acre. How applied, and the nature of the soil. 

A great part of the land adjacent to the river is level, with slight 
inclination towards the lakes, requiring little preparation. A system 
of checks has been adopted by many, b}^ which from ten to thirty 
acres are flooded at once, the water at the highest portion barely cov- 
ering the ground, and at the lower portion from six to ten inches in 
depth. The checks are made with a plow after the land has been 
surveyed, and following the plow with what is called a hone — a 
scraper in the form of a triangle — and drawn by four horses. 

The cost of canals is about the same as in other portions of the 
State — ten cents per cubic yard for removing earth, and fifteen cents 
where the ground is full of roots. 
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The Pioneer Canal, on the north side of Kern River, is forty feet 
in width, banks three feet, with-grad^ one and seven-tenths feet per 
mile, ten miles in length, and cost one thousand six hundred dollars 
per mile. 

The Buena Vista is thirty feet in width, fifteen miles long, and cost 
one thousand two hundred dollars per mile. 

The Stine Canal is thirty feet wide, and twelve miles long; same 
cost. 

The James Canal ten miles in length ; same width and cost. 

The building of these canals has tested the average cost for this 
section of country. 

The cost of ditches intended for the irrigation of a section of land, 
twelve feet wide on the bottom, every four hundred yards, is one 
hundred dollars per mile in length. With the plow and the horse, 
the cost is but one-quarter that by shovel. 

The ditches and checks required to put a section in perfect condi- 
tion will cost one thousand dollars. In quarter sections, two dollars 
per acre. By the use of checks, one man can irrigate a section of 
land in three days. 

The incorporated canal companies are made up of the owners of 
the land in this portion of the country. Only one canal company is 
now selling water. The price is one dollar and fifty cents per acre 
per year, and in that ratio for six months, for the production of one 
crop. The other canal owners are furnishing water free. And the 
land owners are furnishing the use of lands, with water, free the first 
year; the second year, for one-fifth the crop; the third year, one- 
fourth. 

With the response to the fourth question I have embodied a reply 
to your fifth inquiry: "The cost of the main canals and primary 
ditches." 

The results of the past season show that with one irrigation the 
lighter lands will yield forty-five bushels of wheat per acre, the 
actual measurement of the crop of one field of two hundred acres, 
within three miles of Bakersfield, under the management of Colonel 
Keyes. The yield of wheat has been greater than that of barley, 
with the same amount of water. 

Irrigation has done away with the objection to alkali lands. 

The health of the country has been greatly improved by the clear- 
ing, induced by the abundance of water. 

The value of land is more than ten times increased by the intro- 
duction of water for irrigation. 

The product of alfalfa, not dependent the second year upon irriga- 
tion, is increased three times by flooding after cutting. 

I regret that I have not found time to present the eff^ects of irriga- 
tion in this part of California in a more satisfactory way. I have 
simply replied to your interrogatories in the briefest way, but shall 
3e pleased to answer any others you may propose. 

Very respectfully, yours, 

JULIUS CHESTER. 
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LETTER FROM B. S. COFFMAN. 

Firebaugh's, February 13th, 1877. 
J. R. McDonald, Esq.: 

1, The value of the land before and after the canal was built. 

This depends greatly on tne character of the soil, as that containing 
a due proportion of sand is better adapted for irrigation, and its value 
more greatly enhanced. At Badger Flat such lands lying under the 
canal are held at about forty dollars per acre. Fifteen miles further 
north, where there is no irrigation, similar land is selling at ten to 
thirteen dollars per acre. Adobe land is increased in value at least 
one hundred per cent. 

2. The effect of water on the soil ; also, the nature of the soil. 

As a rule it enriches it, and I think that in each succeeding year 
less water will be required to irrigate soil that is sufficiently loamy 
to allow the water to percolate readily. That is to say, that the first 
irrigation will, besides maturing a crop, store a large quantity »of 
water in the substratum for future use, and, as this condition is 
increased from year to year, it will perhaps be found, after three or 
four years, that with the usual light rainiall crops may be produced 
with but very little irrigation. This, of course, allows the area of 
lands needing water to be increased without an enlargement of the 
way of supply. Purely adobe soils are excluded from this, as any 
water in the substratum does not affect the surface. A stack built on 
adobe soil with water within one and one-half feet of the surface 
will be found perfectly dry on the bottom ; on sandy or loamy soil 
it would rot under the same conditions. 

S. The cost of preparing the land ; the cost of water per acre, and how 
applied. 

Experience has taught us here that, ordinarily, the only ditches 
required are the ones leading directly out from the canal, and that 
they should be placed about one at each half mile, depending, of 
course, on the ground to be covered. These ditches will cost about 
one dollar per rod, with boxes and gates complete. These are extreme 
figures, and cover the greater part of the expense of preparing the land. 
The building of checks or levees around a given field is done by ordi- 
nary farm teams, and is not expensive. With three teams of eight 
animals each (two plows and one V scraper), and six men, I prepared 
six hundred acres in six days, in December last, and the work was, 
four miles from camp. I believe it to be a great saving of expense to 
apply the water by flooding an entire field. By field, I mean a piece 
of land the exterior lines of which are described by the checks or 
levees constructed to stop the water. By admitting the water into 
the field at its highest part the entire field may be thoroughly soaked 
before the water runs against the lower check and seeks a level by 
backing up so as to touch the upper check. It is not desirable to 
conduct water over land for a great length of time in order to get it 
on to land lying farther from the source. 

4' The cost of water per acre. 

I am not in possession of any data which I should like to use as a 
basis for an answer to such a question. I think it will be found that 
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a work constructed to irrigate a given area will be found to have cost 
four or five dollars for eacn acre it is capable of supplying water for. 

Yours, very truly, 

B. S. COFFMAN. 



LETTER FROM URIAH WOOD. 

San Felipe, January 26th, 1877. 
J. R. McDonaldy Esq.: 

Dear Sir : Yours of the sixteenth is at hand, and I will answer 
your questions as they have come under my observation : 

1. The average rainfall at the Banos. 

I kept no rain gauge, and cannot say. 

2. The number of years thai crops could be made without irrigation. 
As high up the river as the Cottonwood, or Banos, I do not think 

good crops could be made oftener than five or seven years. 

S. The effect of irrigation on the soil, climate^ and health of the country. 

I have seen no injurious effects on the soil from irrigation: have 
had four years' experience. Have noticed no change in the climate 
and health of the country. 

4. The value of lands before and with irrigation. 

Good land outside of irrigation is worth from two to four dollars 
per acre. Land is held higher now, owing to the prospects of a canal ; 
but lands can be rented for grazing purposes from fifteen to twenty- 
five and thirty cents per acre. Good land below the San Joaquin 
and King's River Canal is worth forty dollars or fifty dollars per acre. 
There have been sales of lands, without improvements, in the last few 
months, at fifty dollars per acre. 

5. The profits arising from, the lands without and with irrigation. 
Good land outside of irrigation cannot be rented for more than 

twenty cents or thirty cents per acre ; while good land below the 
canal can be rented at four dollars or four dollars and fifty cents per 
acre; or one-fourth of the crop at the machine. 

6. The price of water per acre. 

It is two dollars and nfty cents; it has been higher. 

7. The cost per acre of preparing the land to receive the water. 

That depends upon the unevenness of the land. My land was so 
level that the tenants made no extra charges; therefore I have had 
no experience in that line. 

Very truly yours, 

URIAH WOOD. 



REPORT OF THE ENGINEER 



TO THE 



WEST SIDE IRRIGATION COMMISSION. 



San Francisco, February 28th, 1877. 

To the Honorable Board of Commissioners of the West Side Irrigation 
District: 

Gentlemen : Upon the seventh day of June, eighteen hundred 
and seventy-six, you did n\e the honor to place in my charge the 
engineering investigations contemplated by the Acts of the Legisla- 
ture under which you, as a Board, were organized.; and immediately 
thereafter instructed me to prepare to carry forward in the field the 
surveys and examinations necessary to enable you to fulfill the re- 
quirements of the said statutes. 

2. By provision of the Act creating the West Side Irrigation Dis- 
trict, and the Act supplemental thereto, you are directed to define 
the alignment of a canal from a point on the northwest shore of 
Tulare Lake, in Tulare County, along the west side of the San 
Joaquin Valley, to tide water at or near the Town of Antioch, Contra 
Costa County. 

3. The said canal (1) to conduct water for the irrigation of the lands 
lying above the line of overflow, west of the San Joaquin River, and 
below the line of the canal itself (which lands to constitute the dis- 
trict placed for this purpose of irrigation in your charge) ; (2) to be a 
medium for transportation by means of boats or barges, and (3) to 
conduct water for use as a power to drive machinery. 

4. You are definitely directed (1) to "cause to be made a thorough 
topographical survey of the line of the proposed canal;" (2) to define 
the route of the same from point of beginning to point of termination ; 
(3) determine the extent, limit, and exterior boundaries of said dis- 
trict; (4) make charts and plats of the same, and of the line of 
proposed canal ; (5) make an estimate of the cost of constructing the 
said canal, and (6) make a full report upon the subject. 
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5. Under and by virtue of these directions, your instructions to 
myself were to plan a canal, commencing at, and drawing its waters 
from, Tulare Lake, of capacity suiBScient to provide for the irrigation 
of the entire area of land lying above the line between the swamp and 
overflowed lands and the high lands west of the San Joaquin River, 
and below the line of the canal itself— the district as defined by the 
statute — which canal to extend, as directed, to tide water, at Antioch, 
and be one suited to convenient use as a navigable channel through- 
out its length, after the character of ordinary transportation canals. 

6. The range of the field for investigation opened in the considera- 
tion of the engineering problem thus presented is too extended to be 
viewed clearly in one report of reasonable length, and the importance 
of its details too great to be passed over unnoticed. I have, there- 
fore, prepared and presented to you several papers upon the leading 
points of the problem, which, it is hoped, embody collectively shfti- 
cient discussion of, and definite statements concerning, the work and 
its results, to afford an intelligent and sufficiently complete view of 
the manner in which the subject has been treated, and conclusions 
arrived at. 

These papers are here referred to for all matters of detail, and 
are made appendices to this general report. 

You will, therefore, find in Appendix A an outline of the subject 
of planning a canal to meet the requirements hereinbefore mentioned, 
with a review of the considerations which have governed its framing. 

In a second paper, which is here referred to as Appendix B, a full 
description of the line of the proposed work, the countrj'^ traversed 
by it, and a reference to the eastern boundary of the district, is em- 
bodied. 

The plan of the proposed canal, its location, grade, and alignment, 
and general description of the necessary structures and accessary 
works, are definitely set forth in a paper alluded to as Appendix C. 

The subject of water supply, reviewing briefly the orographical 
conditions and topographical features of the Tulare Valley, embody- 
ing hypothetical calculations of the water supply therein, and the 
capacity of Tulare Lake for storing the same for the uses and pur- 
poses of the West Side Canal, is treated in Appendix D. 

7. By your direction the requirements of the statute, as set forth in 
preceding paragraphs, have been met so far as it was in the province 
of your engineer so to do : The survey has been made ; the route of 
the canal defined; the boundaries of the district fixed; maps and 
plans prepared, and an estimate made of the probable cost of the pro- 
posed canal. 

8. Having presented the matter of the engineering problem, and 
reported upon the execution of the survevs and plans somewhat in 
detail, I now lay before you the result of the planning and estimates 
of cost, just completed, in the form of a tabulated statement. [This 
statement is embodied in the report of the Commissioners. See page 
11.] 

9. The canal being apportioned into fourteen divisions, according to 
engineering considerations set forth in Appendix A, I submit, in the 
statement mentioned, a systemized description of the whole work, by 
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giving the length, topographical position, bottom width, depth, max- 
imum depth of water, width on water surface, and fall or grade of 
the canal, of and for each division, and an estimate of cost of struc- 
tures and of earthwork in the same, cost of the canal in each divi- 
sion, and total cost of the canal complete, together with an estimate 
of cost of accessary works ; the whole showing a grand total to com- 
plete the works of four million three hundred and five thousand 
seven hundred and eighty-six dollars. 

10. For a statement more in detail than presented by this table, of 
the character and extent of the work and cost of the same here sum- 
marized, I refer you to Appendix E. 

11. The exterior boundaries of the district have been defined as 
required by the statute, and the result shows that there are five hun- 
dred and tnree thousand seven hundred and seventeen acres of land 
within the boundaries, of which I estimate that twelve thousand 
eight hundred acres cannot be irrigated from the canal because the 
surface of these lands is above the level of waters in the canal. 

12. Having now laid before you the substance of the information 
obtained through the engineering field and oflSce works performed 
by your instructions, it remains for me to call your attention, offi- 
cially, to certain points in the problem you have under consideration, 
made important by the results of the investigation referred to, with 
the view of suggesting wherein some of the chief difficulties met 
with m'ay be avoided, modified, or overcome. 

THE CANAL FROM BONSALL CREEK TO ANTIOCH. 

13. The large portion of the total estimated cost of the canal con- 
templated by the law, which is found to be incurred upon the line 
between Bonsall Creek and Antioch, calls for more than a passing 
notice of the fact. 

14. Are the benefits likely to accrue to the district at large from the 
existence of the canal from Bonsall Creek to Antioch, commensurate 
with the increased cost of the whole, wrought by the construction of 
this division of the work? 

15. I present, concisely, the data upon which you may predicate 
an *answer to this question : 

Total area of the district — acres 503,717 

Irrigable lands of the district — acres 490,917 

Non-irrigable lands of the district — acres 12,800 

Ratio of non-irrigable to irrigable lands of the district — about one-fortieth. 

Area of district between Bonsall Creek and Antioch, estimated at — acres 40,000 

Non-irrigable portion of this area — acres 11,000 

Irrigable portion — acres 29,000 

Area not suited to general agriculture, with the use of the generally adopted method 

of broadcast irrigation, about twentj-five per centum of the 29,000 acres, or 7,250 

^Jea suited to the economical methods of irrigation, which will be adopted in 
the greater portion of the district — ^acres 21,750 
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Batio of irrigable to non-irrigable lands north of Bonsairs — upwards of one-fourth. 
Batio of lands wbich may be irrigated economically to the entire area in that 
portion of the district — ^but little over one-half. 

Area of district south of Bonsall's — acres 450,917 

Non-irrigable portion of this area — acres 1,800 

Irrigable portion — acres 449,117 

Batio of non-irrieable to irrigable lands of this portion of the district — one twenty- 
five thousandths. 

Total cost of canal proper _ $3,679,351 00 

Cost per irrigable acre m the district 7 50 

Cost of canal proper from Tulare Lake to Bonsall's 2,532,164 00 

Cost of canal from Bonsall's to Antioch 1,147,187 00 

16. Although the entire cost for the canal from Bonsall's to Antioch 
cannot be justly charged to the irrigable portion of the district 
directly commanded by it, because of this portion of the work being 
kept of greater capacity than proportionate to the amount of water 
to be carried for such purpose of irrigation, in order to accommodate 
navigation, yet the figures presented are suggestive, and as their cor- 
rect analysis will necessitate further estimating, I defer more minute 
comparison in figures until some future time. Generally, however, 
I desire to draw your attention to the aspect of the case, as it now 
stands. 

17. The canal from Bonsall's to Antioch is evidently the most 
expensive portion of the proposed work. This is the division of the 
canal wherein the requirements of navigation overshadow those of 
irrigation, in that the size of the prism of the canal bed, in order to 
aflford the requisite space for navigation, is necessarily greatly in 
excess of that which would be required to conduct the proportion of 
water for irrigation due to the lands to be watered, and commanded 
by the part of the canal in question, as more particularly described 
in Appendices A and C. From Tulare Lake to within a short dis- 
tance of the head of this division, viz: at Corral Hollow Creek — dis- 
tant eight miles — the cross section of the canal, as planned, has been 
governed entirely by the amount of water it would be called upon to 
carry for irrigation alone, there being a surplus of space for purposes 
of navigation. 

The division from Bonsall Creek to Antioch then may be regarded 
as a link more particularly necessarv in order that the terminus of 
canal-boat navigation might be at the commencement of possible 
navigation for sea-going vessels. 
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18. To insure the benefits to accrue from the canal, as a transpor- 
tation channel, this condition is of course essential. If it can be 
obtained, while at the same time a very large saving of money is 
eflFected, without any proportionate loss of interest or advantage in 
other respects, such course should be pursued. I am not prepared 
to say that it can — not having had the opportunity of looking suffi- 
ciently into the facts in the case of the alternative plan — but I angi 
led to believe, upon inquiry, that the west branch of the San Joaquin 
River — known, more commonly, as Old River — situated across the 
district from the point where the alignment of the proposed canal 
crosses Bonsall Creek, and but three miles therefrom, affords a good 
4 
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navigable channel, at all seasons of the year, thence to Antioch. If 
such is the case, and* I believe it to be, navigation might be diverted 
at Bonsall Creek crossing, from the canal line as laid out, and con- 
ducted in a suitable canal, with the necessary locks, down to the 
river channel, through which the canal-boats could be towed by 
steam-tugs to and from deep-water and sea-going vessels at Autioch. 

19. The distance from Bonsall Creek crossing to Antioch, by the 
surveyed line of the canal, is about twenty-five miles; from the 
same point to the nearest point on Old River, about three miles. 
From this latter point to Antioch approximately — judging from 
the best maps we have — forty-eight miles. The diversion to Old 
River would do away with twenty-two miles of canal travel, and add 
forty-eight miles of river travel. The latter could be accomplished 
by the use of steam-tugs, towing a line of boats, at double the rate of 
speed, and at less than one-half of the cost which the former can be. 
The lockage from the canal level to the river level would be practi- 
cally the same in each case, so that there would be not much loss of 
time, and a positive saving of running expense, in the plan of trans- 
portation by the river channel and the abandonment of that part 
of the work situated between Bonsall Creek and Antioch as a navi- 
gable canal. 

20. In order to water the lands suited for irrigation lying beyond the 
point of diversion at Bonsall Creek, and thence to Antioch, there 
would then have to be constructed a simple irrigation ditch. It 
would, however, still necessarily be located through the hill lands 
intervening, approximately upon the route already surveved. 

The cost of this work I have not been called upon, under the law, 
to estimate upon, but it would be comparatively small. [See supple- 
mental report.] 

21. The country traversed by this division of the proposed canal is 
for the most part exceedingly rough in comparison to that through 
which the greater portion of the contemplated work would be situ- 
ated; and the project to conduct water for irrigation at so great a 
cost per acre watered, as it must necessarily be, is one whicn may 
well be considered before being adopted. 

THE TRANSPORTATION QUESTION. 

This subject is one worthy of close scrutiny in connection with 
the proposed canal. 

Irrigation is generally recognized as the paramount interest to be 
subserved by the operation of the statute creating the district. If, in 
the construction of irrigation works, a channel could be provided 
which would serve as a highway for the convenient and economical 
transportation of produce and supplies between the lands of the dis- 
trict itself, the Tulare Lake region, and a sea-port, without mate- 
rially increasing the original outlay of money, or complicating the 
management and maintenance of the works, then would the best 
interests of the people of the district be subserved. 

23. If, on the other hand, in order to render the channel to be ex- 
cavated navigable to an extent which would admit of economical 
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transportation upon it throughout its length — and thus^ desirable as 
a highway'— the cost of its construction and maintenance are to be so 
greatly increased as to make the load- of debt to be carried onerous, 
it is well to consider whether this transportation is an essential 
feature of the scheme, and what would he the aspect of the case 
without it. 

The engineering difBculties of combining a navigation with an 
irrigation canal— elsewhere alluded to fully in detail^ are in them- 
selves strong arguments in favor of abandoning the idea of making 
one channel answer both purposes, except in rare instances where 
the benefits to be derived can be shown as immediate and great, and 
where the wished-for end cannot be attained otherwise economically. 

24. In the case of the proposed eanal of this West Side Irrigation 
District are the additional benefits likely to accrue from the construc- 
tion of the work as a navigable channel, commensurate with the 
excess of cost of such work over that of a canal for purposes of irri- 
gation alone? 

As a highway for traffic, a canal must be arranged for convenient 
use as such. If its cross-sectional area and depth of water are not 
uniformly sufficient to accommodate loaded boats of a size which it 
will pay to run ; if the velocity of its current is so great as to render 
necessary the employment of much additional power in ascending 
the stream ; if the passage of its bridges, stream crossings, falls, and 
otlier structures, is not madfe uniformly convenient by a special ar- 
rangement of those structures themselves, or provision of accessary 
works, for the purpose— ;-its use as a line of transportation will prove 
a failure, and its adoption as such will be a nuisance to the greater 
interests of irrigation. 

25. The fact is now generally recognized that it has become necessary 
to use some more efficient and economical propelling power for canal 
boats than that of draught animals. Accordingly, steam is being 
adopted on many of the larger works of the kind, and a more rapid, 
as well as cheaper, service is the result. 

26. To fit the West Side Canal for the accommodation of boats moved 
by steam, and running at a rate which would render their use profit- 
able — viz: four miles per hour — would necessitate the enlargement 
of the channel, over that planned, from the crossing Los Garsos 
Creek to Antioch, to a uniform width of fifty feet on the bottom, and 
render it necessary to pave with stone, or otherwise protect from 
wash the inner slope of the banks, for its entire length. To make 
the change in dimensions spoken of, and necessary enlargement of 
mechanical structures, would incur an additional expense of five 
hundred thousand dollars. To protect the banks with rough stone 
or cobble paving would cost upwards of three million dollars, reck- 
oning upon the increased slope, and consequent less breadth to pave, 
which there would be, were such paving to be done in the first in- 
stance. And allowing for the saving in earthwork there might be 
above Los Bafios Creek, by reason of the adoption of this increased 
slope, the additional cost of thus providing for first-class canal 
navigation upon the proposed work would be at least three million 
dollars. 
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27. It will be observed, then, that the West Side Canal has been 
planned, under the law, to admit of convenient navigation, but not as 
a first-class transportation canal. This convenient navigation Tvould 
doubtless be a great immediate boon to the owners of the canal, could 
they secure it without largely increased outlay; but it is a question 
whether, under the circumstances, it would not lead to great addi- 
tional expenditures of moneys in the course of a few years to make 
the canal a first-class navigable channel, as far as possible, to compete 
with other lines of traffic — which would be by that time constructed 
— or result in its abandonment as a transportation canal within a few 
years thereafter. 

28. On the other hand, should the idea of making it a navigable 
channel at all be abandoned, a great saving will be effected, the irri- 
gation interest will not be hampered by a cumbersome and not over- 
congenial companion, and it may be that the portion of benefits 
sacrificed, by not having the use of the canal for transportation pur- 
poses, can be secured in a great measure in another way without any 
special tax upon the West Side District for the purpose. 

29. The alternative plan, then, would be to provide for the irrigation 
of the district, or so much of it as may be desirable, in the most eco- 
nomical and, at the same titoe, substantial manner — economical as 
to general plan, but substantial in its details — and to improve the 
San Joaquin River for navigation, so that it could be used as a chan- 
nel upon which to transport the great bulk of the produce of the 
valley to market, by the use of steamers and barges, of course, as 
now at times of high water. 

30. In the course of years, if the interests of the southern portion of 
the valley demanded it, tne upper part of the canal, from Tulare 
Lake to a point opposite the head of navigation in the river, could 
be made navigable at comparatively small expense — for it would 
already be large enough in area — and connected with the San Joa- 
quin by a suitable flight of locks, or incline, so that communication 
would be uninterrupted by way of the river and this upper part of 
the canal between tide water and Tulare Lake. 

31. The work of improving the river navigation is of course the 
province of the General Government, and as it would be to the inter- 
est of a great portion of the State to have such improvement made 
when the plains of the valley shall have been irrigated, there would 
be a community of interest so strong as to secure such favorable 
action possibly at an early day. 

reclam;ation around tulare lake. 

32. In this connection I call your attention to the fact that owners 
of swamp and overflowed lands around Tulare Lake are looking for- 
ward to the time when they will reclaim 'this property, now covered 
with four or five feet of water at low-water stage of the lake, by low- 
ering the level of the water in the lake to that extent by means of a 
canal cut through the Fresno Swamp from the lake to the San Joa- 
quin River. 
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33. There appears to be a direct conflict of interest between this 
scheme and the West Side irrigation project. 

34. Lowering the level of the lake to the extent desired, to reclaim 
the lands spoken of, would, in a great measure, cut off the supply of 
water to the West Side Canal as now planned, and the construction 
of the large channel to drain the lake would divert the flow of King's 
River altogether from Tulare Lake, so that the level of the latter 
would not be brought up to the ordinary high-water stage until the 
spring floods from Kern River, and other sources upon the south 
side, reached it. Thus the winter supply of the West Side Canal 
would be limited. Furthermore, the holding of the waters of the 
lake at ordinary high-water stage by the embankment necessary, 
and proposed in your system, across the outlet channel, for the pur- 
pose of storing thein for gradual drawing off by the canal, although 
it would not result in the flooding of any lands which are not now 
swamp and overflowed lands, would render it more difficult to re- 
claim those lands. 

35. These points, although not strictly within the limits of the task 
assigned me, are submitted as worthy of consideration ; for, although 
the conflicting interests cannot be wholly reconciled, they may be to 
some extent, and made to harmonize to that extent, with economy to 
both parties, though at a sacrifice of advantages by each, should both 
projects be undertaken. 

I do not feel called upon to say anything concerning the idea of 
lowering the level of the waters of Tulare Lake, or to pursue this 
subject, as connected with your canal, any further. 

IRRIGATION WITHOUT NAVIGATION. 

36. Having explained the engineering difficulties met with in com- 
bining the irrigation with the transportation canal, in the report 
made to you upon the plan of the proposed work, the reasons why 
the cost of an irrigation canal may be so much less than the expense 
attendant upon making a navigable channel will be sufficiently 
apparent without going into details here. Suffice it to say, that the 
difference in cost is to be found: (1) in the necessity for the more 
expensive mechanical structures in the navigable channel, such as 
locks, aqueduct bridges, high bridges, and complicated forms of 
stream crossings; (2) in keeping down the velocity of current by 
locating upon less inclination, which necessitates the greater amount 
of earthwork in the navigable canal to conduct the required amount 
of water in the same space of time; (3) in the provision of an extra 
wide embankment for a tow-path; and, (4) in maintaining the cross- 
section of the channel large enough for navigation throughout its 
length, when irrigation does not require any such large canal towards 
the lower end of the work. 

PRIMARY DITCHES. 

37. My instructions have been to survey, estimate cost of, and report 
upon the main canal necessary for the irrigation of the district and 
for navigation, as by the law provided. I have not, therefore, alluded 
to the construction of primary or distributing ditches, nor are they 
included in the estimates. 
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CONCLUSION. 

38. In conclusion, I submit that: 

First — The lands of the West Side Irrigation District are for the 
most part favorably situated for economical irrigation. 

Second — That there is suflBcient water for the purpose, if properly 
stored. 

Third — That an irrigation canal may be constructed from Tulare 
Lake to Bonsall Creek without encountering any insurmountable or 
very expensive obstacles, when we take into consideration the im- 
mense area of land it would irrigate. 

Fourth — That combining navigation with irrigation will greatly 
hamper the paramount interest, without affording proportionate 
advantages. 

In the consideration of the many professional and scientific ques- 
tions which have presented themselves in the course of the inves- 
tigations performed under your direction, 1 have received great 
assistance from your consulting engineer — General B. S. Alexander — 
and desire here to return my thanks for his willing and courteous 
cooperation. 

All of which is respectfully submitted. 

WM. HAM. HALL, 

Engineer. 
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PROVISIONAL CONSIDERATION OF THE PROBLEM. 

REQUIREMENTS OF THE CASE. 

1. It is required that a canal be planned to conduct water for the 
efficient irrigation of the West Side District, from Tulare Lake to 
Antioch, navigable throughout to a degree wherein its use as a high- 
way for transportation traffic shall be convenient and economical. 

We are at once brought to a consideration of the attributes of a 
channel which will fulfill these requirements. 

TRANSPORTATION CANALS. 

2. Canals intended for navigation alone are best suited to the pur- 
pose, first, when there is not any perceptible current in their waters, in 
order that the passage of boats may be accomplished with equal ease 
and safety in both directions ; second, when the cross-sectional area 
and the dimensions of their waterway are sufficient at all points to 
permit the passage of the largest boats which can be handled readily 
in such trade without the retarding influence of increased friction 
(occasioned by the bpttom or sides of the boat being too near the bed 
or banks of the waterway at any point, or by the breadth and depth 
of the submerged portion of the Doat approaching so closely to that 
of the waterway as to meet the restraining drag of the water itself in 
its effort to flow by and maintain its equilibrium and the equal ele- 
vation of its surface as the boat moves forward) ; and, third, when the 
water slope of its banks is so constructed or protected as not to be 
injured by the wash occasioned by the passage of a boat at a rate of 
speed which practice may show to be desirable. 

3. To attain the condition of things first above baentioned, the bed 
of the channel must be level, or nearly so, longitudinally, and changes 
in elevation accomplished by means of apparatus for lowering or 
raising the boats vertically, or on steep inclines, from one level reach 
to another. Such canals, then, are elongated stillwater ponds, as 
nearly as may be, and the loss of water from them is only occasioned 
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by evaporation from the surface, percolation through or into the 
ground, and by use (if locks are employed) in raising or lowering 
boats from one compartment of the canal to another, and thence 
passing out into some natural body of water, from the lowest reach 
of the canal. In a well-constructed canal this consumption and loss 
is small in proportion to the volume of water in the canal bed, does 
not create any perceptible current, and the shrinkage of volume 
occasioned by it is ordinarily restored through small streams, called 
feeders, which, deriving their supply from springs or reservoirs, are 
brought into the channel at various points along its route. 

4. The waters of such a canal may be drawn upon, to a very limited 
extent, for irrigation, or other purposes requiring their removal from 
the bed of the channel, without creating any objectionable current 
along its course, if, when so withdrawn, the deficiency in the canal 
be immediately supplied by the feeders. In this case the canal is a 
mere reservoir, whose waters imperceptibly restore the equilibrium 
destroyed by the removal of a very small proportion of their volume. 

IRRIGATION CANALS. 

5. The consujnption of water for irrigation purposes is very great,, 
and is readily determined. Should it be desired to irrigate three 
hundred and fifty thousand acres of land in one hundred and twenty 
days, with one foot in depth of water over the entire surface, an 
amount of water in cubic feet equal to the number of square feet in 
the area to be covered, must be brought to, and placed upon, the 
land ; which would, in the present instance, require a net supply of 
1470.5 cubic feet during each second of the entire time. 

6. The flow of water, occasioned by the force of gravity, takes place 
in a channel when the surface of the fluid is higher at one point than 
at another. Its rate of movement is governed by the degree of in- 
clination of its surface thus produced, and is retarded by the amount 
of friction it meets with in its passage through the conducting way. 
The greater degree of inclination or grade produces the more rapid 
current, and the smaller cross-sectional area of waterway affords the 
greater amount of retarding influence by friction in proportion ta 
the area of the water present in its bed. The amount of water con- 
ducted by the channel will in every case be, in cubic feet, the multiple 
of the cross-sectional area in square feet by the average or mean for- 
ward movement in linear feet. The 1470.5 cubic feet of water, 
required to be conducted in the instance above cited, might be car- 
ried in a body 1470.5 square feet in transverse area, at the rate of one 
linear foot per second. A canal one hundred and forty-six feet wide 
on the bottom, with side slopes of one on two, and having a depth 
of a little less than nine feet of water, would be required for the pur- 
pose ; and the mean velocity of its current would have to be some- 
what more than two-thirds of a mile per hour. In like manner, the 
same quantity of water might be conducted in a channel having half 
the area of waterway, at double the speed. 

7. Irrigation canals generally derive their supply from one grand 
source, so that the water required must be taken in at that place, 
conducted forward to the point where distribution commences, and 
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thence onward in amount proportionate to the area of lands to be 
watered beyond that place, and each successive outlet. 

8. An irrigation canal should properly be regarded as a running 
stream^ carrying forward to each place of outlet the quantity of water 
proportionate to the area of land to be irrigat(9d from and beyond that 
point. In the planning of such canals considerations of economy in 
construction prompt the restriction of the size of the channel to the 
least dimensions which will afford way for the requisite amount of 
water to be conducted. To accomplish this, a fall, or longitudinal 
slope, is given the canal, of a degree sufficient to produce a current 
in its waters, so that the required amount may be passed along this 
waterway in .the given time ; provided, always, that, with the loss of 
elevation occa[:'sioned by the increased fall in the channel, it still 
commands the territory to be irrigated, and that the velocity of water 
attained does not cause damage to the banks or bottom of the canal, 
or to the structures incidental thereto. 

IRRIGATION AND NAVIGATION. 

9. In the case of a canal to float boats, the water is required for use 
in the bed of the stream itself. 

In the case of a canal for irrigation, the presence of water in it is 
only desirable in order that it may be drawn off for use outside of 
the channel. 

In the one instance, the same water, with very little loss, serves for 
a considerable length of time. 

In the other, water withdrawn is never restored, and its place must 
be filled by other water, derived from the source, should the demand 
require it. 

10. Under the statute, the West Side Canal must admit of convenient 
navigation, and it is, of course, desirable that it should be economi- 
cally constructed as an irrigation work. 

11. Manifestly, the ultimate capacity of such a work must be limited 
to that capable of conducting the maximum quantity of water required 
at any one time for the uses and purposes of the work collectively ; 
while the minimum dimensions of its waterway will be governed by 
the requirements of navigation. For this latter use of the canal 
there must be water sufficiently deep and wide to float and pass the 
boats at all times, and at all points ; whereas, irrigation may not, par- 
ticularly towards the lower end of the district, demand any such 
amount of water as would be brought forward in such a channel. 

ECONOMICAL TRANSPORTATION. 

12. Experience has proved that reasonable economy in transporta- 
tion on canals demands the use of boats of one hundred and twenty 
tons burden, or upwards, that size being managed by the same crew 
which it takes to man a smaller barge; and the most advantageous 
conditions are attained where it is possible to use boats of one hun- 
dred and fifty to two hundred and fifty tons burden. The canals 
first built in the United States — notably those of New York and 
Pennsylvania — originally adapted to the accommodation of bargep 

5 
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carrying from thirty to seventy tons, have nearly all been increased 
in size, so that they now are navigated by boats of from seventy to 
two hundred and fifty tons burden; and the late works of the kind 
have generally been proportioned to permit the passage at least of 
the average of the tonnages last above mentioned. 

The actual cost of transportation, at the same scale of prices for 
details of expense, has proven to be by the one hundred and twenty- 
five ton boats, in a suitable channel, from forty to fifty per centu.ni 
less than by boats of fifty tons, in the channel proportioned to their 
accommodation, and this upon routes shorter than that which the 
West Side Canal will present. 

13. With all due regard for economy of construction as an irrigation 
canal, it has been found advisable, therefore, to fix the minimum 
capacity of this canal at that necessary for the accommodation of 
boats of one hundred and forty tons burden. 

CANAL NAVIGATION. 

14. Canal boats of the above dimensions, drawn by animal power, 
ordinarily move, when loaded, at the rate of one and a half miles, 
and w^hen light, at two and a half miles per hour. A boat moving 
through the water at a speed exceeding three and a half miles per 
hour, by the disturbance it makes in the water, causes injury to 
unprotected canal banks of heavy earth. 

15. It is apparent that the navigation of a canal having a current 
exceeding one and a quarter miles per hour can scarcely be consid- 
ered either convenient or economical. A loaded boat, moving up 
stream, would require the application of great additional powder to 
overcome the increased resistance occasioned by the current running 
counter to its course; and when moving down stream, in order to 
maintain steerage-way and control of the boat, its velocity of move- 
ment would have to exceed that of the stream to such a degree that 
it would not be within the bounds of safety to the accessary struc- 
tures of the work. A light boat, to attain the usual rate of progres- 
sion up stream, would have to move through the water at a rate which 
would cause damage to the banks; while going down, it would be 
open in a greater degree to the objections found against the loaded 
barge. Should the current exceed one and a half miles and approach 
two miles per hour the objections would, of course, augment in both 
respects. 

SILTING AND EROSION OF CANALS. 

16. The velocity of current depends mainly upon the sectional 
shape and area of its channel, and the grade thereof. Upon the same 
longitudinal slope the greater the ratio of the transverse area of the 
water present in the channel to the wetted border or perimeter 
thereof — which ratio is called the hydraulic mean depth — the more 
rapid will the current be. 

17. In the adjustment of the cross-sectional dimensions and grades 
of canals intended to conduct water for purposes other than naviga- 
tion — such as irrigation — due regard must be had to the condition of 
the water to be carried, with respect to the amount of sediment in 
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suspension, and the character of the soil composing the banks 
between which it is to run, in order that each of two great evils may 
be avoided. If the water is charged with sediment and run at too 
slow a velocit5% the solid matter will be deposited in the bed of the 
canal, soon necessitating great expense for its removal, which would 
be the case if the canal had too light a grade. On the other hand, if 
the grade were too great, the velocity of the current would cause 
damage to the banks and bottom of the stream by erosion. 

18. Water moves particles of solid matter along the bottom and 
sides of a channel by reason of its friction against them, and on 
account of the moving force of the liquid overcoming the inertia of 
the solid in repose. It holds in suspension, and transports the greater 
portion of sediment, by the rotary motion which the particles acquire 
with the water in their forward movement over the bed or sides and 
over each other. With a given velocity and a definite depth, only 
a certain quantity of matter will be held in suspension, whatever be 
the character of the material composing the bed or banks. If the 
waters have not already their load of matter in suspension they will 
take up more, if the velocity of current is sufficient to move the par- 
ticles of the bed or banks of the channel. To such an extent are 
these rules true that, at velocities sufficient with pure water to carry 
along heavier particles, a light sand or clay bed would be left in a 
great measure undisturbed, should the waters moving over it have 
already their load of matter; and, conversely, another bed of mate- 
rial, less liable to erosion, might be scoured out by waters, moving 
at a less velocity, which had not already in suspension as much solid 
matter as they could transport at that rate of progression. 

j 19. It is obvious, therefore, that water moving at any given rate of 

i speed, with its load of matter for that velocity already in suspension, 
will deposit a portion of this matter as sediment should its velocity 
be checked. 

To prevent such deposit of material in an artificial channel the 
initial velocity of the water in its upper section must be greater than 

I that in the stream, or other source from which it derives its supply, 
if the water be already loaded with silt, and this velocity must be 
inaintained throughout the length of the channel and its branches, 
if they too are to be kept free from deposit; the earthy matter will 

' then be carried forward and spread over the land. On the other 
hand, to prevent erosion of the sides or bed of the channel, the 
velocity of its waters must be less than that sufficient to move and 
transport the material of which they are composed, unless the water 
already has in suspension its load of similar matter for the velocity 
attained. 

20. Irrigation canals generally are supplied with water from run- 
ning streams subject to heavy periodical floods. In many instances 
these streams at such times hold in suspension large quantities of sedi- 
ment. With few exceptions it is necessary, in taking water out of a 
natural stream into an artificial channel, to carry it at a less degree 
of inclination longitudinally, and in a smaller transverse section, 
than that of the stream itself — conditions calculated to check the 
velocity materially — resulting in the precipitation of its sediment, 
the silting up of the canal, and consequent expense of repairing the 
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damage. This is the case when rivers are tapped high up in theii 
course, where, running at a swift rate, fresh from the mountains and 
charged with sediment, the opportunity has not been afforded the 
waters to let fall the heavier portions of their load — notably in the 
instance of some of the canals of India. The waters of other streams 
are so heavily charged w^th light sediment that they continue to 
carry and deposit large quantities of it far down along their course; 
as in the case of the Nile, proverbial almost for the amount of its 
enriching burden. Canals deriving their waters from such sources 
and run on a less grade than that of the rivers themselves, and with 
of course smaller hydraulic mean depths, inevitably silt up. Canals 
which will some day be led out from those rivers of California which 
carry in suspension large quantities of sedimentary matter, as foi 
instance the tributaries of the Sacramento River upon the eastern 
side, unless located upon gradients which would produce currents 
sufficiently rapid to channel out their beds at times when their 
waters may be clear, will be subject to the result above described 
when the waters carried are heavily charged with silt. 

THE WEST SIDE AND OTHER CALIFORNIA CANALS. 

21. There are no such conditions of supply attendant upon the pro- 
ject to take water from Tulare Lake for the uses and purposes of the 
West Side Canal. The tributaries of that lake carry comparatively a 
very small amount of earth}^ matter in suspension. The waters 
arriving at the lake are checked in their onward movement, are 
almost motionless for a period, varying according to the season oi 
the year, and so deposit the bulk of their sediment oefore moving on. 
Thus, when taken into the canal, they would be drawn from a reser- 
voir — a settling pond, as it were — and conveyed at a rate of speed 
greater than they had before entering. There will, then, be but little 
danger of the West Side Canal silting up, if the velocity of its cur- 
rent is fixed at that capable of transporting matter which would be 
held in suspension, for several days, at least, by water having practi- 
cally no current at all. It need hardly be said that the rate will be 
greater than that here alluded to. 

22. Experience has proved that waters, as highly charged with 
sediment as those of many California rivers are for a greater portion 
of each year, have to be kept moving at a velocity in excess of two 
miles per hour, to prevent the deposit of most of their earthy matter. 
This being the case, the difficulty of maintaining a canal drawing 
its waters from such a source on a sufficiently easy grade to admit 
of navigation, will be readily recognized. Should the current be 
limited to one and a half miles per Hour, the channel will inevitably 
silt up. Should it be put at a rate sufficient to prevent silting, navi- 

?;ation would no longer be profitable. In this respect, the West Side 
)anal has marked advantages, because its immediate source of water 
supply is a lake, whose waters, being without material velocity, have 
deposited the greater portion of their sediment, and the plan of mak- 
ing it navigable can have no serious drawback on the score of danger 
from silting. I 

23. Furthermore, full fifty miles of the route of this canal will be 
through a light alkaline soil, which is known to be moved by a cur- 
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lent having a mean velocity less than two miles per hour. It is 
(necessary, therefore, to limit the rate of current in the present in- 
stance, through the light soil, to a still less rate-^say one and four- 
tenths miles per hour — on this account, to prevent serious damage 
Erom abrasion of the banks and bottom of the channel. Motives of 
Economy prompt the adoption, however, of as high a velocity as the 
Interest of navigation will admit of, so the work has been planned 
^ith a maximum calculated velocity of current of one and three- 
tenths miles per hour at high water, one and two-tenths miles at 
medium stage, and one mile per hour at low-water stage, in the 
canal. 

CURRENT NECESSARY. 

24. The necessity for maintaining the initial velocity throughout 
the length of this work has been recognized ; so that, as the work is 
planned, there is generally an increased rate of flow as the waters 
progress down the channel^ for a greater portion of its length, until 
other considerations necessitate a departure from the rule, as herein- 
after explained. In this connection, it may be remarked that a 
principal difficulty experienced in combining the navigation with 
the irrigation interest in the same canal, is found in the impossibility 
of maintaining the velocity of current to the end of the work with- 
out incurring great waste of water ; for, of course, the water must be 
present in the canal in order to have the velocity, and being present, 
and moving thus to the endy is necessarily wasted to a great extent. 
Should a canal intended for navigation and irrigation be kept the 
same size throughout, and located on a uniform grade, to maintain a 
uniform velocity of current, it is evident that there could be only 
taken out of it, for irrigation or other purpose, the balance of water 
lover and above that which would be sufficient to maintain its depth 

I navigable to the end. 

Should the canal be of sufficient capacity to carry a larger amount 
of water at time of maximum demand it is evident that the amount 
^vhich would arrive at the end, to keep it to the navigable depth, would 
^e considerable, and its loss to a great extent inevitable. Should the 
canal be only wide enough to admit of navigation, the amount so 
wasted would be a larger proportion of the total capacity of the 
channel. To maintain the width and grade of a canal, intended for 
irrigation and navigation, uniform, the supply of water must be 
vastly greater than the amount required for irrigation, and the canal 
will then be, as it were, a reservoir to draw from into the primary 
ditches. To say the least of this plan, excavating a reservoir alongside 
the district would certainly be a very expensive manner of provid- 
ing water for irrigation. 

DISPOSITION OF THE DISTRICT. 

25. The district to be commanded for irrigation, being approxi- 
mately one hundred and fifty miles long in a direct line, with a 
maximum breadth, midway of its length, of about thirteen miles, 
averages somewhat less than five and a (quarter miles in width. It 
extends lengthwise, in a nearly unvarying course, directly away 
from the source of water supply — Tulare Lake — which is near its 
southeast extremity, northwesterly to Antioch. 
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Topographically, its surface presents, in the main, a vast plain, 
falling longitudinally, from southeast to northwest, about one hun- 
dred and eighty feet in the one hundred and fifty miles, with a 
transverse slope, from southwest to northeast, varying from one foot 
to fifty feet in one mile. Transversely, this plain is cut (particularly 
near the middle portion, and upon the northwestern half of the dis- 
tance), by drainage channels — known as creeks or arroyos — from the 
catchment basins of the Mount Diablo range of mountains lying 
close to the southwest. These channels, by their courses across the 
district, divide it for purposes of irrigation into subdivisions. Other 
accidents of topography, or considerations, may in like manner indi- 
cate lines of demarcation for the division of the district. 

ALLOTMENT OF THE WATERS. 

26. It is evident that to each of these divisions, in the proportion 
of its area to that of the entire district, other considerations being for 
the moment set aside, the waters of the canal are to be delivered. 
Should each division, therefore, take its allotment, the amount of 
water to be conducted by the canal at any part of its course would be 
the equivalent of that required at and below that part for irrigation, 
plus the amount necessary for the other purposes of the work. Thus 
the capacity of the canal may be diminished, at successive points on 
its course, as the waters are withdrawn in the process of irrigation. 

27. The literal carrjdng out of this idea, as applied to an irrigation 
canal only, would involve the simultaneous withdrawal from it, at 
each point of distribution, of the proportion of the total amount of 
water carried by the canal, due to the lands commanded from thatj 
point, and a diminution of the carrying capacity of the channel 
immediately below such point, proportionate to the reduction in 
volume of water to be carried. As a measure of economy, it is quite 
apparent that this disposition of the work has the strong argument 
in its favor of providing the requisite water-carrying capacity in the 
channel at the least expense. In practice, however, it would be 
found inconvenient to follow rigidly the rule laid down, on account 
of the close supervision the workings of the system would require. 
So that the plan of dividing the district into subdivisions of twenty- 
five thousand to thirty thousand acres each, with the beds of the 
principal streams or arroyos for the boundary lines, wherever they 
will serve, and diminishing the size of the channel each time one of 
these sub-districts has been passed in the route of the canal, provid-i 
ing at all times a surplus of carrying capacity over the theoretical 
demand to prevent waste, has been adopted as the closest practical 
application of the rule which can be made upon so large a work. 

ADJUSTMENT OF DIMENSIONS AND GRADES. 

28. In the case of the West Side Canal, therefore, there have been 
made in its planning nine successive reductions of its wudth and; 
depth on this account, according to i;he rule before given, as modified 
for practice ; and at the same time, in recognizing the necessity for 
keeping up the initial velocity of the current, each reduction of sec- 
tional area has been accompanied by an increase in the rate of longi- 
tudinal fall or grade; so that at any ruling depth of water there 
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would be a slight increase of velocity in each succeeding division of 
the canal. 

29. These rules have applied from where distribution commences 
down to the point at which the requirements of navigation for water- 
way-forbid further material diminution in the size of the canal bed. 
Here a slight reduction to the minimum size which will allow the 
passage of the boats to be used according to established rules is made; 
and, although the full amount of watet required for use could be car- 
ried forward in a smaller channel, the waterway is maintained at the 
same area to the end. In order to prevent the waste of water, which 
would occur should the velocity be Kept up at the required depth for 
navigation in a channel larger than requisite to carry the amount of 
water necessary, the grade has been diminished in this section of 
the canal at successive points until beyond where any irrigation of 
moment will be conducted — in the reaches betw^een the locks, within 
five miles of the terminus of the work — the canal bed has been 
planned level. By this arrangement navigation will be greatly facili- 
tated in the lower portion of the work on account of the reduced 
flow or entire absence of current, and, although there will be at times 
some water in excess of the capacity of the portion of the canal in 
advance brought to the points where the grade is diminished, which 
will be disposed of through overflow weirs, the waste will not be 
nearly so great as it would be otherwise, and the waste water may be 
used for water-power purposes. 

The reduction of grade, made as here described, at points near the 
low^er end of the work, and rendered necessary by the gradual change 
of the character of the channel from an irrigation channel to a level 
transportation canal, is in violation of the rule heretofore set forth 
concerning the necessity for keeping up the velocity of current to 
prevent silting. It occurs, however, so far down on the course of the 
work that the danger of much silting is greatly reduced, unless ero- 
sion, or scouring out, should take place in the bed of the canal at 
some point above and near at hand. And, furthermore, being located 
vhere vertical drops are made in the channel, and overcome by locks 
for purposes of navigation, the opportunity for scouring out these 
reaches, should silting take place, is afforded, and proper points for 
waste-gates determined. 

WATER FOR IRRIGATION. 

30. In a great irrigation channel the water cannot be regulated to 
flow at its maximum only during the working hours of working days, 
but must be kept, during the season of general irrigation, flowing the 
full twenty-four hours of every day with as near a uniform supply 
as possible ; and, to be economically used, must be continuously dis- 
tributed upon the lands during the full period of its flow. In the 
watering season irrigation must go on day and night of every day in 
the week, otherwise there would be great waste of water, which would 
have to be provided for by a greater capacity in the conducting chan- 
nels and proportionate increase in their cost. In old-established 
irrigation districts water is used by the farmers at whatever hour 
they can get it during the season. The same practice must obtain 
here to bring the cost of irrigation works within reasonable limits. 
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31. It is sometimes said that Californian experience has shown that 
an amount of water equivalent to one foot in depth upon the land is 
necessary to accomplish one irrigation. Practice elsewhere is con- 
tinually demonstrating that one irrigation can be accomplished with 
one-fourth of that amount. Doubtless, when the art is better under- 
stood by our farmers, six inches in depth will be about the maximum 
amount used, the variation depending upon the shape of the ground, 
the character of the soil, and the nature of the crop to be raised. In 
the case of the West Side District an amount equivalent to this depth 
over the greatest area of land to be watered in any one season, deliv- 
ered within sixty days, or one foot in depth over such lands during 
one hundred and twenty days in October, November, December, and 
January, will be an ample maximum allowance. The works have 
been planned to this standard. 

EVAPORATION AND PERCOLATION. 

32. The allowance for loss by evaporation and percolation from 
canals of this character has generally oeen placed at fifteen or twenty 
per centum of the calculated capacity of the work. For the West 
Side Canal as projected, this allowance has been placed at twenty-five 
per centum of that required for all the purposes of the work, and the 
capacity of the canal nxed at that necessary to transport the amount 
arrived at by this addition, as a maximum. 

WATER FOR LOCKAGE. 

33. Loss of water in lockage at the end or terminal lock of the canal 
will be governed by the number of locks-full used, to which must be 
added an allowance for leaking through the lock-gates. The time 
ordinarily consumed in locking is twelve minutes, and a lock which 
passes ninety-six boats during the twenty -four hours — an average of 
one boat every fifteen minutes — is worked to its full capacity. A 
lock-full signifies the actual amount of water required to fill the lock 
with a boat in it, from the lower to the upper level of the canal. 

With these points taken, and the dimensions of the boats and locks 
as data (a portion of the boats being reckoned as loaded, and a por- 
tion as light, with an allowance for locking up and locking down, 
with the same lock-full of water), I find the maximum demand for 
water for lockage purposes to be seven cubic feet per second of con- 
tinuous flow. Well-constructed lock-gates leak less than two cubic 
feet per second. In the present instance, two cubic feet per second 
is allowed for loss from this cause. In " flooding out " boats from 
the lock into the lower level, there is a consumption of water equiva- 
lent to about one-third of the water used for lockage.. I have in this 
case taken three cubic feet per second as the amount required. 
There will then be required for lockage purposes twelve cubic feet 
of water per second. 

WATER FOR NAVIGATION. 

34. As before mentioned, there is unavoidably an amount of water 
required for canal purposes not required for irrigation ; this amount 
is found by calculation to be ninety-four cubic feet per second. I 
have allowed one hundred cubic feet per second. 
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PROPORTION OF DISTRICT IRRIGATED. 

35. Experience has proved that there is always a considerable pro- 
portion of the lands within the limits of an irrigation district which, 
for one cause or another, are not under cultivation each year, and 
consequently do not call for a proportion of the water supply. They 
may be occupied as the sites of towns, farm-houses, barns, and yards, 
roads, water-courses, hedges or fences ; be taken up by the primary 
and distributing ditches, check-levees, and drains of the irrigation 
system itself; they may lie fallow, or serve as dry pasture for a sea- 
son ; or, from any other cause, not be irrigated during the season of 
general irrigation. 

The proportion of such area has been found to be, in the practice 
abroad, from twenty-five to sixty per centum of the whole. In the 
present instance, there is a portion of the district (see Appendix B, 
par. 39,) upon which the water could not be used. Of the balance, 
constituting tHe irrigable portion of the district, it is assumed that 
sixty-five per centuin will demand irrigation during the same season 
of maximum demand, and that the remaining thirty-five per centum 
will either be occupied as aforesaid, and not be irrigated that year at 
all, or be watered later in the season. 

SLOPE OF CANAL BANKS. 

36. The inside slopes of the canal banks have been adjusted with 
a view to the prevention of wash, being at a less inclination to the 
horizon, where, from the character of the soil, it would be more easily 
displaced. These very flat slopes will doubtless occasion much in- 
convenience to navigation; particularly during low water in the 
upper portion of the canal, for the reason that the boat will be thrown 
so much out of line from the towing path, in following the water- 
way. 

37. With the foregoing considerations in view, the West Side Canal 
ks been planned upon the definite information set forth in Appen- 
dix B, obtained by survey, as more particularly described in 
Appendix C. 
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ing a very good topographical map of the route, upon which the 
location line was projected, and notes made up for its alignment. 

This second line was set out upon the ground as far as tjie entrance 
to Los Garsos Hills, just north of the creek of that name, where, by 
your instructions, it was discontinued. The primary line and topo- 
graphical survey, extended onward more in detail, enable me, how- 
ever, to present an accurate description of the alignment of the 
location, and to make a good preliminary estimate of the probable 
cost of the work. 

7. The leveling carried over the surveyed lines has been carefully 

f)erformed. In all instances at least two levels were run over the 
ine, and results compared; for a large portion of the route three 
levelings have been made over the same ground, and occasionally, 
for a distance of five or ten miles, a fourth leveling made as a check. 
This branch of the survey, checked as it is in itself, and compared 
with work previously performed by the engineers of the San Joaquin 
and King's River Canal and Irrigation Company, has resulted very 
satisfactorily. 

The heights of bench-marks obtained at Summit Lake and Tulare 
Lake, by levelings made from Antioch in eighteen hundred and 
seventy-two, under the direction of the canal company, being referred 
back to the initial bench-mark by the instrumental work on your 
surveys, were found to vary by this reference but seven-tenths of a 
foot from the elevations previously assigned them, and this was the 
greatest difference found at any point where comparison was made. 
The total distance passed over in this circuit of leveling was nearly 
four hundred miles. 

8. Much difficulty has been encountered in connecting your sur- 
veys with the township and section lines of the land system. Old 
marks have been obliterated to such an extent that in the country 
from Firebaugh's Ferry south to Tulare Lake, a distance of more 
than fifty miles, on the west side of the swamp lands, and extending 
thence eight to twelve miles in width towards the foothills, there are 
probably not more than half a dozen authenticated Government sur- 
vey corners, and these cannot be connected satisfactorily by the offi- 
cial notes, the discrepancy being quite large in several instances. 

THE LAKE AND VICINITY. 

9. The land which retains the waters of Tulare Lake, and prevents 
their entire escape northward to the San Joaquin River, presents 
upon its surface the appearance of a perfectly level tract — being the 
swamp previously spoken of, bordered on the east and west oy a 
plain, in elevation scarcely above the level of the marsh itself, and 
sloping back therefrom at a decree of inclination not readily percepti- 
ble without the aid of surveying instruments. This is almost uni- 
formly the case upon the western side. In the swamp, which at its 
narrowest part is two and a half miles ip width, are various small 
sloughs, the bottoms of which are generally only one or two feet 
lower than the average level of the adjacent swamp lands. Tulare 
Lake, narrowed down in funnel shape to a neck scarce a mile in 
width at low-water stage, abuts upon the southern end of this swamp ; 
thence the lake widens out rapidly towards the south, its bottom 
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sloping as a submerged plain, upon which from six to twelve feet of 
water stands at ordinary low water, for a distance of six miles. This 
portion of the lake is dotted with many tule islands. A channel, 
with water varying in depth from twelve to twenty feet, extends from 
the narrow end of the lake, southerly, through the portion of the lake 
just described, to the open water beyond. A bar, covered with water 
to a minimum depth of seven feet, stands in the lake opposite the 
point of opening of this channel, and about one and a naif miles 
beyond the limits of the tule islands. Thence the bottom of the lake 
pitches rapidly to a depth exceeding thirty feet below the surface. 



10. The water surface of Tulare Lake at ordinary low water is one 
hundred and ninety-five feet above the base of surveys, or 203.5 feet 
above mean high water at Antioch. A rise of one and a half feet in 
its elevation causes the commencement of overflow through the 
sloughs in the swamp to the northward. A rise of three feet just 
covers the swamp, and produces very perceptible currents through 
the overflow channels. A rise of four feet submerges the swamp, a 
portion of the bordering plains, and permits the waters to escape 
freely to the San Joaquin River. This is at the ordinary high-water 
stage of the lake. 

11. King^s River, from the east, enters this swamp nearly at right 
angles with its course, about three and a half miles north of the point 
of Tulare Lake. Spreading out into several channels, the greater por- 
tion of its flow during low-water stage enters the lake; but during 
high water it joins the overflow from the lake, and runs northwest to 
the San Joaquin River. 

12. Summit Lake is an irregular-shaped pond, of ten to twelvjB 
acres in extent, in the bed of one of the sloughs, upon the western 
edge of the swamp, about seven and a half mileis northwest of its 
junction with Tulare Lake. Its water is practically on a level with 
that of Tulare Lake at ordinary low water, having a depth of six feet. 

13. The dry land of the plain rises more abruptly to the west, from 
Summit Lake ; being, in elevation, about six feet above the swamp 
land, at a distance of only five hundred feet therefrom. 

14. The swamp from Tulare Lake to Summit Lake is practically 
level, thence it falls towards the northwest, in elevation forty feet, to 
Watson's Ferry, on Fresno Slough — a distance of thirty-four and a 
half miles ; thence it is nearly level, a further distance of four and a 
half miles, to the junction of the slough with the San Joaquin River. 

15. Ordinary low water in Tulare Lake is in elevation forty-eight 
feet above low water in the San Joaquin River at the mouth of Fresno 
Slough — the point where the overflow waters of the lake join the 
floods of the river. 

THE ROUTE OF THE CANAL. 

16. In the description of the route of the survey it has been my 
endeavor to allude to the nature of the lands passed through, only 
in so far as such characteristics may affect the engineering problem 
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of the location, construction, and maintenance of the canal, and not 
as they may bear upon the agricultural capabilities of the land itself 

17. The transverse slopes of the ground given must be understood 
in each instance as its slope across the direction of the surveyed line, 
from left to right, at the points indicated along the location of the 
line itself, and within a quarter of a mile, generally, on each side 
thereof, and may or may not apply beyond that limit. 

18. The considerations which have governed in making the loca- 
tion in detail at points where there may have been a choice of plans, 
as at the head of the work, through the hills passed at various points, 
and at the crossings of streams, are discussed in Appendix C. 

TULARE LAKE TO FIREBAUGH's. 

19. Commencing on the northwest shore of the end of Tulare Lake, 
upon ground which is dry and firm during ordinary low- water stage, 
at a point from which the deep water channel mentioned is about 
one-fourth of a mile distant, the located line extends in a northwest- 
erly direction, skirting the southwest margin of the swamp, passing 
close to the west bank of Summit Lake, a distance of fourteen and 
seventy-seven one hundredths miles. At this distance the ground 
elevation of the plain was found to be such that the bottom grade 
line of the canal would be just far enough below it to afford material 
sufficient in the cutting of the canal bed to construct its banks; in 
other words, the canal would be " on grade." 

20. The first six miles of the route is over an almost absolutely 
level plain, in elevation from two to three feet above ordinary low 
water in the lake. The soil, that of a reclaimed tule swamp, and 
but a foot above the present swamp level. Between the sixth and 
seventh miles a ridge of alkaline sand, blown eastward from the 
plains, in elevation six or seven feet above ordinary low water in the 
lake, is passed. Thence the line runs over the lower lands again 
until approaching the end of the eighth mile it enters upon and 
traverses in passing Summit Lake, to the middle of the ninth mile, 
a ridge of firm alkaline upland soil, in elevation seven or eight feet 
above ordinary low water in the lake. 

21. From this ridge forward to the point before indicated, fourteen 
and seventy-seven one hundredths miles from the beginning, at which 
the line is described as running out "on grade" upon the plain, the 
soil is generally of the reclaimed tule land character, its surface fall- 
ing towards the northwest, so that at the tenth mile it is >about on 
the level of ordinary low water in the lake. The land thus traversed, 
from the lake for ten miles, may be called the rim of the Tulare Lake 
basin. At a depth of from three to five feet below the ground's sur- 
face, through this rim, a sandy, blue clay formation exists, which 
may be readily excavated. In this formation water stood, as shown 
in a well near Summit Lake, in the month of October, six feet below 
the level of the ground, and one and a half feet below the water's 
surface in the lake. 

22. From the fifteenth mile the line leaves the swamp's edge, and 
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running on grade northwesterly, over ground having a transverse 
slope to the northeast of two to three feet in the mile, at the twenty- 
fifth mile it is back three and one-half miles from the swamp ; trans- 
verse slope of the ground, three and one-half feet in the mile. Thence, 
turning more towards the north, at the thirtieth mile it is two and 
one-third miles back from the swamp ; transverse slope of the ground, 
five feet per mile. Thence, trending westerly again, at the thirty- 
eighth mile it is seven miles back from Fresno Slough ; transverse 
slope of ground, ten feet per mile. At the forty-ninth mile it is three 
and one-fourth miles back from the junction of Fresno Slough and 
the San Joaquin River; transverse slope of ground, twelve feet per 
mile. At the fifty-fifth mile it is four miles southwest from Fire- 
baugh's Ferry; transverse slope of ground, ten and one-half feet per 
mile. 

23. From the fifteenth to the seventeenth mile the soil continues of 
the original old swamp character — the surface ^ceedingly smooth 
and unbroken. .Thenceforward, to the fifty-fifth iiiile, the surface is 
generally very even, rarely undulating, along the route pursued, more 
than a foot in elevation, though the curvature on this part of the 
line is limited to one degree curves. The soil is of an alkaline 
nature, varying as to texture from compact, heavy material, to exceed- 
ingly light, almost ashy sand. This portion of the route is for the 
most part covered w4th a low growth of sage brush. 

FIREBAUGH's to LOS BAl!J0S CREEK. 

24. From the fifty-fifth mile the line again^trends sharply to the 
west, running nearly at right angles to the general direction of the 
valley, towards the foothills of the Diablo range. 

25. At the sixtieth mile it is four and one-third miles back from 
the present constructed canal of the San Joaquin and King's River 
Canal Company ; transverse slope of the ground, eleven feet to the 
mile. At tne sixty-seventh mile it is three miles back ; transverse 
slope, twenty feet to the mile. At the seventieth mile it is three and 
one-half miles back ; transverse slope of the ground, sixteen feet per 
mile. At the seventy-third mile it is one and one-half miles back 
of the old canal; transverse slope, forty-five feet per mile. At sev- 
enty-five and one-half miles it is seventeen and one-half miles back 
from the San Joaquin River, eight and one-half miles from the 
swamp line (the eastern boundary of the district), two miles from 
the old canal, and on ground sloping transversely at the rate of 
thirty-five feet per mile. 

26. From the fifty-fifth to the sixty-sixth mile the lands passed 
over are of a general even surface, occasionally broken by small 
mounds less than a foot in elevation ; soil slightly alkaline, dark in 
color, and compact, but readily worked with plough and scraper. 
From the sixty-sixth to the seventy-first mile, inclusive, the lands 
are rough — "hog-wallow" — and the soil heavy. Thence, as shown 
by the transverse slope before given, the line is located, to the sev- 
enty-sixth mile, close to the foothills, being at their base as it were; 
soil heavy, black, and slightly gravelly. Thence, to the seventy- 
ninth mile, over a plain sparingly covered with small hillocks, and 
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of a dark, friable soil ; transverse slope, twenty-eight feet per mila 
In the eightieth mile it crosses the spread of the Ortigalito Creek, 
about half a mile from the foothills; soil, a sandy loam. At XU 
eightieth mile the line is three miles back from the old canal, 
on ground sloping transvergely at the rate of twenty-six feet per mile 
At eighty-three and one-third miles it crosses Los Banos Creek, hall 
a mile from the foothills ; soil, from Ortigalito to Los Baiios, light 
and sandy, or slightly gravelly; transverse slope of the ground 
twenty-three feet per mile. 

LOS BANJOS TO ORESTIMBA CREEK. 

27. Thence to the eighty-fifth mile over a plain of hard black soil 
mixed with gravel; transverse slope from thirty to sixty feet pel 
mile. From this point the line runs through and along the foothills, 
called the Los Baiios Hills, to the ninety-first mile; soil, hard, black 
or red, with much.gravel. Thence across the valley of the San Luis 
Creek, crossing the creek at ninety-three and nine-tenths miles; 
ground, rolling; transverse slope of from sixty to twenty feet per 
mile ; soil, red, hard, and gravelly, excepting for about one mile near 
the creek, where it is more sandy and friable. At this point the lin& 
is sixteen miles from the nearest point on the San Joaquin River, 
and thirteen miles from the line of overflow established as the east- 
ern boundary of the district. • 

28. The plain rises somewhat abruptly north of the San Luis ; soil, 
from the creek bed, is gravelly and compact. The line passes closq 
to the edge of a foothJ^, about a quarter of a mile from the creek, 
Thence northerly ouT upon a gravelly plain ; transverse slope, ten 
feet per mile. At ninety-six and one-quarter miles it crosses the 
spread of Romero Creek ; scarcely any defined channels. At ninety- 
nine and nine-tenths miles it crosses Quinto Creek. Immediately 
after crossing this creek the line enters upon the side of the foothills, 
and continues thereon for one and a half miles. Thence the route 
lies across a plain of dark, friable soil, very slightly gravelly; with 
a transverse slope of from four to eight feet to the mile, to the cross- 
ing of Los Garsos Creek, at one hundred and five and one-half miles. 

29. At the one hundred and sixth mile the line enters upon the 
Los Garsos Hills — the most formidable piece of ground south of 
Bonsall Creek — and is necessarily located in these hills to the one 
hundred and fifteenth mile. 

ORESTIMBA TO BONSALL CREEK. 

30. The valley of the Orestimba, and the creek of that name, is 
crossed in the one hundred and sixteenth and one hundred and sev- 
enteenth mile; soil, light and sandy; transverse slope, twenty to 
twenty-five feet per mile. . At this point the line is seven and one- 
quarter miles west from HilPs Ferry, on the San Joaquin River. 

31. For one and a half miles northward from the Orestimba Valley 
the line runs along the side of the foothills ; soil, heavy and gravelly. 
Thence enters upon a plain ; heavy adobe soil ; transverse slope, 
thirty feet per mile. At one hundred and nineteen and six-tenths 
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iniles, crosses Crow Creek. At one hundred and twenty-first mile, 
the line is five and one-third miles back from the San Joaquin River, 
the plain sloping transversely twenty-five feet per mile; soil slightly 
gravelly. At one hundred and twenty-second mile, crosses Little 
palado Creek. At one hundred and twenty-five and eight-tenths 
biles, it crosses Big Salado Creek. 

32. Thence to one hundred and thirty-fourth mile, plain even; 
Boil black and friable; transverse slope, thirty-six to forty feet per 
mile. At one hundred and thirty-four and one-tenth miles, the line 
trosses the spread of Kern Creek ; scarcely any perceptible channel ; 
soil light and sandy ; transverse slope, forty to forty-five feet per mile ; 
distance back from San Joaquin River, at Grayson, three and three- 
fourths miles. Thence to the crossing of Ingram Canon Creek, at one 
hundred and thirty-seven and one-tenth miles, over a gently undu- 
lating plain of dark friable soil ; sloping transverse, thirty-five to forty 
feet per mile. Thence to the crossing of the Hospital Creek, at one 
hundred and forty-one and four-tenths miles, over the same character 
of country; soil somewhat more sandy. Thence to the crossing of Lone 
Tree Creek atone hundred and forty-five and one-third miles; soil 
more compact, but sandy; transverse slope, twenty-five to thirty feet 
per mile. The line passes four and one-third miles from San Joaquin 
City. Thence to crossing of Corral Hollow Creek, at one hundred 
and fifty-one miles; soil heavier, slightly gravelly; transverse slope, 
twenty-eight feet per mile. At this point the line is distant seven 
iniles from the eastern boundary of the district. Thence to Bonsall 
Creek, at one hundred and fifty-nine and one-half miles, over ground 
decidedly more broken* soil adobe; transverse slope, forty to sev- 
enty feet per mile. At bonsall Creek the line is three miles back 
from the Old River channel. 

BONSALL CREEK TO ANTIOCH. 

33. Thence the line skirts or runs through hills, following a chain 
of natural passes, but still over very rough ground for a canal, to one 
hundred and seventy -two and two-tenths miles. Crossing Mountain- 
house Creek, at one hundred and sixty-one and fifteen one hundredths 
miles; Rattlesnake Creek, at one hundred and sixty-seven and eighty- 
six one hundredths miles; Vaqueros Creek, at one hundred and sixty- 
nine and seventy-five one hundredths miles; and Point of Timber 
Creek, at one hundred and seventy -two and two-tenths miles. The soil 
through these hills is generally, in the valleys or passes, a very friable 
black adobe; in the creek bottoms, the same strongly impregnated 
with alkali ; on the hillsides, stiff" adobe overlaying clay, or cemented 
gravel. ' For about half a mile of this distance the line runs through 
a sandstone formation ; stone soft, and close to the surface. Coming 
out upon the hillside, at one hundred and seventy-two and two-tenths 
miles, the line extends thus, overlooking the Pointof Timber plains, 
and about thirty-five feet in elevation above them. Crossing Kellogg 
Creek, at one hundred and seventy-four and one-tenth miles, it comes 
out on grade upon the Marsh Ranch plains, half a mile below the 
Stone-house, eighty feet in elevation above base, four miles back from 
the eastern boundary of the district ; soil, a light, sandy adobe ; trans- 
verse slope, twenty feet per mile. Thence over these plains, crossing 
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Marsh Creek at one hundred and seventy-six and six-tenths miles, 
touching the edge of the foothills just north of said creek ; crossing 
Deer Valley Creek, at one hundred and seventy-seven and nine- 
tenths miles, to the valley of the Lone Tree Creek, at one hundred and 
eighty and seven-tenths miles. Thence down that valley, on its east- 
ern side; soil very light and sandy; to tide water in the San Joa- 
quin River, at 185.6626 miles from the initial point of the work. 

HILLS TRAVERSED. 

34. The line is in hilly ground at five points, namely : the Los 
Banos Hills, for six miles ; the Quinto Hills, for one and a half miles; 
the Los Garsos Hills, for nine miles; the Orestimba Hills, for one 
and a half miles; and the hills between Bonsall and Kellogg Creeks, 
for fourteen and a half miles. 

THE NORTHEASTERN BOUNDARY OF THE DISTRICT. 

35. Your instructions to.myself concerning this boundary were to 
adopt the line of swamp and overflowed lands already established or 
surveyed, from the lower terminus of the canal line, as located, 
southeasterly to its intersection with the boundary of the Rancho el 
Pescadero; and to establish by survey, through this rancho and 
others lying south of it, the limit of overflow at ordinary flood-stage 
of the waters of the San Joaquin River, as far south as Firebaugh's 
Ferry, and thence to adopt the line of swamp lands already surveyed 
or established to its intersection with the canal line. 

36. With your approval the field work of this line was placed in 
charge of Mr. George H. Copeland, a surveyor of experience in land 
surveying, familiar with much of the country to be traversed, and 
having personal knowledge of its character, and the extent to which 
it has Deen subject to overflow in past years, as well as experience in 
judging from natural appearances of the probabilities in such mat- 
ters. I have reason to believe that this survey was faithfully and 
intelligently made. 

37. The line of overflow previously established as the limit of the 
swamp lands has been adopted at the localities above indicated 
in your instructions, namely : northward from the Pescadero Rancho, 
and southward from Firebaugh's Ferry. Between these points a line 
following approximately the Tower margin of the lands which hav« 
been free from flooding at times of ordinary high water in the Sar 
Joaquin River, was surveyed, and the limit of the overflow estab 
lished more definitely by ofisets thereto from the surveyed line. Th< 
information thus obtained was made the basis for establishing ihi 
eastern boundary of the district between the points mentioned. 

38. The line established as the northern and eastern boundary o 
the district may, in general terms, be described as follows: Com} 
mencing at the terminus of the canal line survey, on the shore o| 
the San Joaquin River, near Antioch, and running thence easterly 
along the meanders of said river bank, or marsh bordering thereon 
as per the official records of the survey thereof, to the line betweei 
the swamp and overflowed lands and the high lands, as indicated bj 
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the official recognition thereof in the segregation of swamp lands by 
the State ; thence southerly and easterly along said line, so recognized 
and established, to its intersection witli the boundary of the Rancho 
el Pescadero ; thence, through said rancho and others, southerly and 
easterly, upon a meander line following closely the limit of overflow 
from the San Joaquin River — being for the most part along a bluff 
bank which indicates such limitation — to the region south of Hill's 
Ferry, where the limit of overflow is not so plainly marked. Through- 
out this region the line adopted follows the " section," " quarter sec- 
tion," or "quarter-quarter section" lines of the Government surveys 
situated nearest above the line of overflow, as ascertained by the sur- 
vey before mentioned, to Firebaugh's Ferry. Thence southerly 
along the meander line of the San Joaquin River, and the Fresno 
Slough, or of the fringe of swamp lands bordering thereon, as here- 
tofore surveyed and of record, and following the line between the 
swamp and overflowed lands and the high lands, as established and 
of record, to its intersection with the line of the proposed canal as 
located. The maps submitted herewith, and the description of this 
line by metes and bounds accompanying, exhibit in detail the infor- 
mation here summarized. 

THE DISTRICT. 

30. The district as thus outlined, by the center line of the proposed 
canal, on the west and south, and the line between the swamp and 
overflowed lands and the high lands, on the east and north, contains 
five hundred and three thousand seven hundred and seventeen (503,- 
717) acres of land, reckoning by the areas of the sections and frac- 
tional sections, according to the Go vernment surveys thereof, embraced 
therein. Of this area there are about twelve thousand eight hun- 
dred (12,800) acres which are absolutely non-irrigable, by reason of 
their surface being either inaccessible to the water or too rugged for 
irrigation. Of this non-irrigable land about eleven thousand (11,C00) 
acres lie north of Bonsall Creek, in the Counties of Alameda and 
Contra Costa. The remaining one thousand eight hundred (1,800) 
acres are in the other hills passed through, and heretofore alluded 
to. 
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PLAN OF THE PROPOSED CANAL. 

AMOUNT OF WATER REQUIRED. 

1. The practical application of the general engineering considera- 
tions which govern in the planning of such works, provisionally set 
forth in Appendix A, to the material circumstances of the case in 
hand, outlined in Appendix B, together with an account of the more 
important works of detail provided, and necessary to the success of 
the plan as a whole, now demand attention. 

m 

2. The fact that the canal of the San Joaquin and King's River 
Canal Company taking water from the San Joaquin River, near the 
mouth of Fresno Slough, already commands for irrigation upwards 
of eighty thousand acres of the lands of the district, as described in 
the statute, was early reported, but under instructions I have pro- 
vided in the planning of the proposed canal carrying capacity for 
water to irrigate the entire district, as by the law contemplated. 

3. The total maximum ^demand for water-carrying capacity in the 
canal was found to be that capable of conducting one thousand eight 
hundred and sixteen cubic feet per second, all usual allowances being 
made. The above result was arrived at by the following process, a 
discussion of the details of which will be found in other papers, as 
per the references given in each case: 

Totkl area of the district (Appendix B, par. 39) 503,717 acres. 

Deduct area of non-irrigable land (Appendix B, par. 39) 12,800 acres. 

The irrigable area of the district is 490,917 acres. 

Deduct 35 per cent, as not irrigable in any season (Appendix A, par. 35) 171,820 acres. 

We have the area to be irrigated in any one season , 319,097 acres. 

To cover this area one foot in depth in one hundred and twenty 
days (Appendix A, par. 31) a continuous flow of less than, but say, 
one thousand three hundred and forty-one cubic feet of water per 
second would be required. 

4. The actual amount of water required then, at times of greatest 
demand, will be as follows: 
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For irrigation 1,341 cubic feet per second. 

For lockage (see Appendix A, par. 33) 12 cubic feet per second. 

For navigation, etc., (see Appendix A, par. 34) 100 cubic feet per second. 

Total net demand 1,463 cubic feet per second. 

Add 25 per cent, for loss by evaporation, percolation, etc., (see Ap- 
pendix A, par. 32) 363 cubic feet per second. 

Total gross demand 1,816 cubic feet per second. 

CAPACITY OF THE CANAL. 

5. To supply this demand the maximum working capacity of the 
canal bed planned and estimated upon is that capable of conducting 
two thousand and thirty cubic feet of water per second. 

6. Realizing the propriety of exercising judicious economy in plan- 
ning this work, and, therefore, the necessity of restricting the cross- 
sectional dimensions, or size of the canal, and carrying the water to 
be brought forward at as high a velocity as consistent with other in- 
terests of the work, to accomplish this end (Appendi:^ A, par. 8), and 
at the same time keeping in view the fact that the maximum veloc- 
ity of current conveniently allowable in a canal intended for navi- 
gation is one and a quarter miles per hour (Appendix A, par. 15), the 
proposed canal has been planned to carry its full supply of water at 
about this greatest allowable rate of speed. 

7. To restrict as far as possible the waste of water, which is almost 
inevitable in an irrigation canal kept at all times navigable through- 
out its course (Appendix A, par. 24), as a measure of economy in 
construction (Appendix A, par. 27), and to render it possible to keep 
up the initial velocity of current without great waste of water (Ap- 
pendix A, par. 24), the district has been provisionally subdivided 
(Appendix A, par. 25) ; and the size of the canal diminished after 
passing each one of these subdistricts, until it is brought down to the 
minimum size allowed by the requirements of the class of navigation 
proposed (Appendix A, par. 13). And further than this, in maintain- 
ing the initial velocity, as above referred to, each diminution of cross- 
sectional area has been accompanied by an increase in the rate of 
fall, or grade, and thus the velocities, from the division where distri- 
bution commences to the point where other considerations govern 
(Appendix A, par. 29), are slightly increased in each succeeding divi- 
sion, at the stage of water in the canal when the danger from silting 
would be greatest. But in no case will the velocity of current in the 
canal exceed 1.3 miles per hour at time of greatest supply, nor 1.1 

■ miles per hour at low-water stage in the canal; neitner will the 
velocity at any time, when the supply is sufficient for navigation 
(Appendix A, par. 29), in the divisions of the canal where other 
considerations than those of navigation predominate, fall below nine- 
tenths of a mile per hour. 

8. As previously remarked, the side slopes of the canal banks have 
[been planned to suit the character of the soil through which the work 

is located, and vary from one on two to one on three. 

9. Distribution of water for irrigation commences with the third 
fdivision of the work, where the canal will get out of cutting, and on 

to " grade " (Appendix B, par. 19). 
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EXPLANATION OF TABLES OF VELOCITIES, ETC. 

10. 1 submit herewith a table showing the dimensions and grade of 
the several divisions of the canal, and exhibiting the velocities and 
amounts of water carried, or discharges, of each division of the same, 
when running at maximum and at minimum depths. 

11. These velocities are, with the exceptions noted hereafter, calcu 
lated by Dwyer's formula: i;='92i/ 2sd, in which v represents the 
mean velocity of current in the stream ; d represents the hydraulic 
mean depth of the water; s represents the fall in feet per mile, or the 
grade of the canal. 

12. In the case of the thirteenth division, where the dimensions 
have been diminished, and the grade made less at the same time, '90 
has been substituted for the co-efBcient '92 in the formula; and for 
the same reason '88 is used for the fourteenth division. 

13. As the results obtained from the use of all hydraulic formulas 
are but approximations, the velocities here given are only carried out 
to the second place of decimals; and the amounts of the discharges 
given to the nearest round number. 

14. It will be observed that, at low-water stage, there is a uniform 
velocity in the. three upper divisions of the canal, with a slightly 
decreased discharged in each of these succeeding divisions from the 
first. This is accounted for by the fact that the bottom-widths and 
side-slopes vary. 

15. It is apparent, also, that at maximum depths the velocity de 
creases sligntly from the first to the fourth division. The third 
fourth, and fifth divisions are located through the alkaline soils 
which are exceedingly liable to erosion, and on this account the in 
side slopes of the banks have been much flattened in these divisions 
and it was considered prudent to avoid danger by erosion by noi 
increasing the grades of these divisions to make their velocities equal 
to that of the two upper divisions at extreme high-water stage. It 
will be found, however, that with the same depth of water carried ii^ 
the first, second, and third divisions that is carried in the fourth, the 
initial rate of flow will be kept up. 

16. The interests of navigation and the economy of water hav( 
demanded the diminution of grade and velocity from the end of th( 
tenth division forward; at the end of the twelfth division they be 
come paramount, and in the fourteenth division other interests ar( 
comparatively insignificant (Appendix A, par. 29). A portion onl] 
of the fourteenth division is on the grade given, it being gradually 
brought nearly to a level on the marsh plains, and thence carried ir 
level reaches, between the locks, to the terminus. 
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In the above table the ultimate capacity of the canal is given. 
In the upper divisions of the canal the average working capacity 
at maximum depths counted upon is as follows: 



TABLE II. 

Average working capacity at maximum depths. 



Division. 



Bottom width, 
in feet. 



I. 

II. 

III. 



100 
98 
94 



Depth of water, 
in feet. 



Mean velocity, in 
feet, per second. 



9.40 
9.25 
9.25 



1.82 + 
1.81 + 

1.81 + 



Discharge, .cubic 
feet, per second. 



2,030 
2,030 
2,030 



And thence forward, as given in the first table. 

DRAUGHT OF CANAL. i 

17. From the foregoing table it will be seen that the maximum 
draught of the canal is two thousand and thirty cubic feet per second, 
and its draught at the least navigable depth is seven hundred and 
sixty cubic feet per second. I fix the greatest probable draught foi 
each month of tne year, upon considerations set forth in Appendix; 
D (par. 36), at the amounts shown in the following table : 



TABLE III. 

Draught of canal for one year — estimated. 



Months. 


Number 
of days. 


Number of 
seconds. 


Draught, cubic 
feet, per second. 


Total draught, in 
cubic feet. 


Auffust-- -- 


31 
30 
31 
30 
31 
31 
28 
31 
30 
31 
30 
31 


2,678,400 
2,592,000 
2,678,400 
2,592,000 
2,678,400 
2,678,400 
2,419,200 
2,678,400 
2,592,000 
2,678,400 
2,592,000 
2,678,400 


760 
760 
2,000 
1,880 
1,760 
1,640 
1,300 
1,000 
1,000 
1,000 
1,000 
760 


2,035,584,000 
1,969,920,000 
5,356,800,000 
4,872,960,000 
4,713,984,000 
4,392,676,000 
3,144,960,000 
2,678,400.000 


September 

October 

November 

December 

January 

February 

March _ _ _ 


Aj)ril - 


2,592,000,000 
2,678,400,000 


Mav 


June -- -- 


2,592,000,000 
2,035,584,000 


July 




39,063,168,000 
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This would make a total draught of thirty-nine billion sixty-three 
aillion one hundred and sixty-eight thousand cubic feet in the 
ear; an average of one thousand two hundred and thirty-eight 
ubic feet per second, of which there would be sufficient water deliv- 
red for the purposes of irrigation to cover all of the proportion of 
he irrigable lands of the district, which will ever demand watering 
n any one year, two feet in depth. 

THE LOCATION AND ALIGNMENT OF THE CANAL. 

18. As will be seen by reference to Appendix B, the route of the 
proposed canal lies for one hundred and fifty-three miles of its 
.ength over a very even plain. With the exception of the first fourteen 
ind seventy-seven one hundredths miles, where the channel is nec- 
essarily cut through the rinrof the Tulare Lake basin (Appendix B, 
pars. 9 and 19), it has been the endeavor to locate this portion of the 
work on grade — that is, upon ground of such elevation that, in cutting 
out the canal bed to the proper grade for the bottom of the channel, 
just sufficient material will be excavated to construct embankments 
of the required thickness and height on either side to complete the 
work. It is evident that these conditions of location involve the 
least possible amount of earthwork required to construct such a work. 
But in following closely the natural contour of the grade line, in 
order to attain this end, it is equally apparent that, where the 
ground's surface is other than very even, the course of the channel 
may be made tortuous to such an extent that the increased length of 
line thus attained may involve a greater additional expense than 
would be incurred in preserving a more unvarying course across the 
slight depressions and elevations which may appear in the path of 
the work. 

19. The extent to which a canal line may be thrown out of a 
direct course with economy will be greater or less, according to the 
circumstances of each case; but, under similar conditions, the 
smaller work will admit of the greater deviation, and, therefore, per- 
mits the use of curves of smaller radius and greater degree. 

20. In locating this line, where the character of the ground admit- 
ted of a choice, the maximum degree of curvature was limited in the 
upper divisions of the canal, where the bottom width is in the neigh- 
borhood of one hundred feet, to one degree curves; in the lower 
divisions, where the bottom width is thirty-two feet, to eight degree 
curves ; and for the intermediate sizes of the work the maximum 
degree of curvature was graded between these extremes. With this 
exception, there is no occasion for remark concerning the alignment 
of this portion of the canal as located. 

LOCATION OF THE HEADWORDS. 

21. To take water out of the lake, there being no running stream 
therefrom except in time of flood, it will of course be necessary to 
cut through the marginal rim of the basin confining it. (See Appen- 
dix B, par. 9.) Two pl^ns of location here present themselves. The 
first: To construct, by dredging, an open channel through the 

8 
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swamp constituting the lowest portion of their marginal rim, and 
thus lead the waters of the lake through the rim to where they could 
be taken out of this channel by suitable means, constituting ** head- 
works," into the canal. The second: To locate the headworks, 
embracing the regulating gates, etc., at the lake itself, and thence 
excavate the canal through the marginal rim. 

22. The swamp spoken of, as explained, (Appendix B, par. 9,) con- 
stitutes the overflow channel of the lake. Over it, and through the 
various sloughs by which it is intersected, the great volume of the 
flood waters from thirteen thousand four hundred and twenty square 
miles of watershed, comprising the Tulare basin, find their outlet. 
To cut a channel through this swamp, which would be open to these 
overflowings, unless it were made of sufficient capacity to accommo- 
date them, and unless their flow were properly regulated therein, 
would be opening the way to what would be at times an almost 
uncontrollable flood, whose waters might scour out portions of the 
channel, and silt up that part thereof about the canal headworks as 
well as the canal itself. 

23. King's River enters this swamp from the east, (Appendix B, 
par. 11,) and the dredging of this channel — running, as it must, 
directly across the path of that river — would make the river tribu- 
tary to the channel, and not to the lake, whereby whatever silt it 
might bring down would be deposited in the channel, or drawn into 
the canal, there to be deposited. Furthermore, to draw water from 
the lake to the level required (see Appendix D), it would be neces- 
sary to dredge this channel to a depth which would be, at the point 
of passing King's River and where that river would enter it as a 
tributary, three feet lower than the present bottom of that river. 
This would result in the scouring out of the bottom of the river into 
the channel; and thence into the canal, from whence the sediment 
would have to be removed at cost. And, on account of the increased 
slope given to the bottom of the river for some distance up by this 
cutting out, the trouble from sediment brought down by it would be 
more than otherwise an annual occurrence. To prevent this evil, 
King's River would have to be turned into the lake to the east of 
the channel to be constructed out of it, and retained by embank- 
ments in its new course. 

24. The first plan spoken of, then, can only be executed, with any 
degree of success, by constructing an immense overflow channel, 
embanked on each side, for Tulare Lake, through the swamp, and 
taking the water for the canal therefrom, as from a river, by means of 
a dam, with scouring sluices, across it, above which to construct the 
regulating gates, etc., of the canal. By these means some of the ob- 
jections would be modified in a great degree, but the canal would be 
still subjected to much danger from sediment. By the second plan, 
the canal channel constructed from the lake (where the regulating 
gates would be placed), would be embanked to keep out all flood 
waters, and would be independent of the overflow channel from the 
lake. No waters would enter it but those taken in at the head-gates 
from the lake's still surface, and the danger of silting would be reduced 
to a minimum (Appendix A, par. 21). 
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25. This latter plan has been adopted ; and the better to insure suc- 
cess, the line has been located above the limit of the swamp as now 
existing, where there will be firm earth suflScient in the cutting to 
construct ample embankments to keep out the floods (Appendix B, 
pars. 20 and 21). The headworks have been located on firm ground 
upon the shore of the lake, at a point from whence the deep water 
channel (Appendix B, par. 9) is aoout one-fourth of a mile distant. 
After the ]regulator has been constructed, a suitable channel must be 
dredged out to this deep natural channel. 

26. The waters of Tulare Lake were found, when at their lowest 
stage, during the fall of eighteen hundred and seventy-one, after 
three consecutive remarkably dry seasons, to be at an elevation of 
one hundred and ninety-five feet above base (Appendix B, par. 3). 
For reasons given in Appendix D, the elevation of the sill of the 
regulator at the head of the canal was fixed at six feet below that 
level — namely, at one hundred and eighty-nine feet above base. 

27. The plan of location through the lake's marginal rim, adopted 
as thus explained, would, doubtless, be more expensive in execution 
than the alternative plan as first set forth ; but the perfecting of the 
first plan, afterwards explained (par. 24), would entail greater outlay 
than the plan fixed upon, while this latter possesses advantages not 
to be had at any cost by the former. 

LOCATION THROUGH THE HILLS. 

28. While the touching of the foothills by the canal line, just below 
the Quinto and the Orestimba Creeks, for a mile and a half at each 
point, does not involve any great additional expense for construction, 
the outlay necessary to build this work through the Garsos and the 
Banos Hills must be very large, as the engineering difficulties are 
great. 

29. To avoid this rough ground, and make the construction mate- 
rially cheaper, at the Banos Hills a vertical drop in the line of forty 
feet would be necessary ; and to save any great amount of expense at 
the Garsos Hill, in like manner a drop of sixty feet from the present 
grade would have to be made. 

30. This loss of elevation would entail the loss to the district of 
one-third of the irrigable lands between Los Banos Creek and Bon- 
salPs, and the loss to the land, thus left out, of the water for irriga- 
tion. 

31. While the expense of construction through these hills will be 
comparatively great, the proposition is susceptible of proof, that, in 
view of this great loss of land should the canal line be lowered, the 
remaining lands of the district will not have a greater burden im- 
posed upon them by keeping the canal on the high level and taking 
the additional lands into the district, than they would have by lower- 
ing the canal, cheapening the construction, and leaving out those 
lands. 

32. The canal line has, therefore, been kept on the high level 
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through these hills, and not any vertical fall made in it until Bonsai 
Creek is reached. Below Bonsall Creek the lands of the district fo 
twelve or fourteen miles are very rugged. The hills extend clos 
down to the marsh in steep, high points, and low, flat, marshy valley 
run far up between them. 

33. To pass this region there was just a choice between droppin 
the canal nearljr to the level of the marsh, and thus escaping th 
hills, or keeping it high enough to go through a series of passes whicl 
exist behind the points of high land, thus bringing it out upon th 
elevated and gently sloping plains above the Point of Timber. Th 
first-mentioned course would have virtually sacrificed the work a 
an irrigation canal below Bonsai Ts, for by it the level of the cana 
would be too low to command any considerable area of lands fo: 
irrigation. Any intermediate location would have been no better 
and f)robably worse, than the one adopted, while at the same tim< 
sacrificing the command of lands on the high plains beyond. Th( 
canal line was, therefore, carried through the passes spoken of, and 
its grade fixed to suit their elevation. 

LOCATION OP THE TERMINUS. 

34. Coming through the hills, as above mentioned, below Bonsai Fs, 
the canal line is brought out upon the marsh plain at an elevation 
of eighty feet above base. Crossing that plain on grade the line ap 
proaches Lone Tree Valley Creek, about six miles from Antiocn. 
This creek extends, in a course almost direct from where the line o^ 
the canal approaches it, towards Antioch. To cross it would throw! 
the canal line upon a steep hillside for a mile or more, thence to 
carry the line into or around the Town of Antioch would involve 
heavy expense in the passage of several large ravines which enter 
Lone Tree Valley Creek from the southwest. The northeastern side 
of the valley of this creek is unbroken by ravines entering it, and 
leads out by easy stages to a suitable point on the eastern edge of 
Antioch for terminal works. This route then was adopted. 

PASSAGE OF THE RAILROADS. 

35. In passing the Corral Hollow and the Western Pacific Rail- 
roads, both of wnich cross the line of work upon heavy grades rising 
towards the west, the canal has been swung into cutting sufficient to 
give space for free passage of boats under the proper bridges. In 
passing the San Pablo ana Tulare Railroad, the canal line as located 
passes under it (with grade adjusted for clearance room), close along- 
side of the Lone Tree Valley Creek. The same bridge may extend 
over both channels. 

PLANS OF CONSTRUCTION. 

36. In the location and planning of a work of such magnitude as 
that which you have placed in my charge, it is seldom the case that 
no mistakes or errors of judgment are primarily made. In fact it is 
the rule rather than the exception that such errors creep into pre- 
liminary plans and estimates, to be discovered as the work receives 
more mature deliberation, or is reviewed in construction, even in 
instances where liberal provision of time and of means is made for 
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(inducting the original investigations. The surveys, examinations, 
Jans, and estimates for this work have been hurriedly and economi- 
ally made, and, while it is hoped and believed that the results 
btained are in the aggregate worthy of confidence, it is by no means 
ertain that the planning of even the more important details has 
esulted in the best devices for the attainment of the particular ends 
fi view in each case. 

EARTHWORK. 

I 

37. In the first division of the work, where the channel is cut 
Jirough the lake's rim, the water surface in the canal for the most 
fart, even at high-water stage, will be below the level of the natural 
(urface of the ground. The material in the excavation will be used, 
is elsewhere mentioned, to make high embankments, setting well 
kck from the canal to keep out flood waters. 

38. A guard embankment, extending from the headworks westerly 
back to high ground, to prevent the flood waters of the lake from 
running down behind the canal, has been provided. 

39. The extreme rise of Tulare Lake, so far as we can judge from 
traditional report, is to an elevation of* two hundred and six feet 
above base, or eleven feet above its low-water level. The highest 
water mark which can be found is that of the flood of eighteen hun- 
dred and sixty-eight, which is two hundred and three and seven- 
tenths feet above base, or eight and seven-tenths feet above low 
water in the lake. It is not probable that it will ever again rise 
above this last elevation. 

40. The headwork gates have been projected to an elevation of two 
hundred and eight feet above base, and the guard embankments to 
two hundred and ten feet above base. 

41. A dyke, across the swamp referred to as the overflow channel 
of the lake, to hold back a portion of the floods, with a suitable weir 
to regulate the escape of the surplus waters, also an embankment ex- 
tending up the northern bank of King's River, to and across Cole's 
Slough, have been projected. The necessity for, and effect of, these 
works are set forth in Appendix D. The length of this dyke, between 
sufficiently high land on each side, would be about ten miles ; its 
height would average nine feet, and its width on top might be made 
as much as twenty-five feet, which would accommodate a single track 
railway and a wagon road. The levee of the river bank would be 
twenty-six miles long, and average six feet in height, with dams 
across several sloughs. 

42. A towing-path has been provided on one bank of the canal. 
The tow-path bank has been made of a uniform width of thirteen 
feet on top, where the line is located on grade, throughout the length 
of the work. The top width of the opposite — the "berme" — bank 
tias been made equal to its height above the natural surface of the 
ground. 

43. As the width of the canal decreases from ninety-eight to sixty- 
five feet, the inside slopes being one on three, the height of the 
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embankments above high-water level is gradually decreased froi 
two feet to one and six-tenths feet. At this point, the slopes beii 
changed to one on two, for manifest reasons, the height of the bai 
has been held a little higher above the water level, and thence agai 
decreased to one and a half feet, as the width of the canal has be^ 
diminished, the slopes remaining the same. 

44. Where, in the hills spoken of, the canal has been carried al 
gether in cutting, a berme bench six feet in width and eightee 
inches above high water in the canal, has been planned (to arrest th 
sliding, loose material from the slope above, and keep it from fallin 
into the channel,) on the opposite side from the tow-path, which, lat 
ter has, in such localities, been made twelve feet in width. The 
upper slopes in cutting have been averaged at one on one and one- 
half. 

45. Where the canal has been located altogether in embankment, 
as across the depressions in the hilly section, the banks have been 
made of uniform width (varying with the size of the canal and the 
depth of water to be carried therein), from twelve to fourteen feet 
on top. The same provision of additional width has been made for 
the berme bank wherever in sidehill work it was on ground below 
grade. 

46. Whenever the canal, or any part of it, is carried in embank- 
ment from below grade, provision has been made for puddling the 
bottom and sides of the part so constructed, and covering the puddle 
with material not so readily washed away. In the summary of cost, 
this work has been added in with the cost of earthwork. 

47. Suitable allowance has been made for settling in estimating 
material required in all embankments. 

STRUCTURES. 

48. There can be no disputing the opinion that timber structures 
upon a work of this character will be of short life — that is, short life 
as compared with stone and brick, used so generally on nearly all 
canals of magnitude, constructed either for irrigation or navigation, 
elsewhere in the world. Nevertheless, as the only resource within 
practicable limits of .expenditure, all of the structures projected for 
this work, except culverts, are planned of wood, with a free use of 
iron for bolting, bracing, and bearing surfaces. Although the neces- 
sity therefor is not generally recognized in the construction of such 
works in our own State at present, it will doubtless be found desira- 
ble, to some extent, to galvanize the iron, and preserve the wood, 
where, from the nature of the case, repairs and renewals would be 
unhandy. The former item would not involve much additional 
expense. The cost of the latter is too uncertain, in the present state 
of the wood-preserving interests, to be counted upon, so that no pro- 
vision has been made for such precautionary measures. 

49. The mechanical works pertaining to this canal may be classified 
as follows: First, bridges necessary to pass traffic over all canals; 
second, those structures necessary more particularly to it as an irri- 
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ation canal — viz: regulators, waste weirs or gates, and supply oar 
utlet gates and sluices ; third, those made necessary in passing tlie 
ross-drainage of the country, viz: culverts, aqueduct bridges, inlet 
iates or sluices, and devices for passing a stream through,- and on a 
Bvel with, the canal — called in this report "stream crossings" — all of 
irhich would be in some form necessary to either a navigation or an 
rrigation canal ; and, fourth, those structures necessary to raise or 
ower boats from one level to another, where abrupt changes of eleva- 
ion in the canal are made, which, in the present instance, are locks. 
A^ith this latter class may be ranked the tidal basin and tide-gates 
it the lower end of the work. 

50. Bridges. — A bridge across the canal has been provided, either as 
m independent structure or in combination with some other, on an 
iverage every two and two-thirds miles throughout the length of flie 
<v^ork. Besides which there are bridges, over all creeks, on the line of 
the tow-path, in combination with other necessary works. 

51. Bridges over the canal have all been planned to admit of the 
free passage of boats, there being in each instance an open passage 
way, crossed by a trussed beam bridge of twenty-nine feet span, and 
seven feet clearance above high water, through which the towing- 
path is carried on a platform eight feet wide, leaving a clear space 
for the boat twenty-one feet in width. The balance of each ordinary 
bridge is a simple pile and stringer structure, with earthwork ap- 
proaches to the tops of the canal embankments at each end. 

52. Although this passage way is located as close to the tow-path 
bank of the canal as will afford the full depth through it for the 
boats at low water, the platform necessary to be built for the towing- 
path adds materially to the expense of the structure. 

53. Regulators, — At the head of the canal, and on an average at 
every eight miles upon its course down to the level reaches, means 
have been provided for regulating the flow of the waters. These 
regulators are combined with bridges, and are called " regulating- 
bridges," with the exception of that at the head of the work, which, 
although provided with a bridge, is denominated the " headworks- 
regulator.' In addition to these, the wofks at the stream crossings 
afford the means of governing the waters of the canal. 

54. These structures are necessary — first, to render it possible to lay 
bare the canal bed, below any certain section, for repairs or other 
purposes (which may be done by closing a regulator and turning the 
water of the canal out of a waste-gate above it) ; and, second, to 
check the waters sufficiently to make them back up and flow freely 
out of the distributing gates at time of low water. 

55. It is obvious that 'a free use of the regulators will interfere ma- 
terially with the passage of boats; and herein lies a great diSiculty 
of combining navigation with irrigation in the same canal. Upon 
a work of light grades and low velocities, like the present, this incon- 
venience need not be so great as might be anticipated. 

56. All the regulating bridges are planned with the same open 
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way for the passage of boats that has been described as forming a 
part of the ordinary bridges ; although this open way is, of course, 
closed also when the regulator is to be fully applied. » 

57. Waste Oates. — Either combined with the regulating bridges, im- 
mediately above, or a short distance above them, other structures of 
a somewhat similar character are located in the lower embankment 
of the canal, which, kept closed when it is desired that no water run 
out until it rises high enough to pass over their gates, may be opened 
when it is desired that the waters of the canal should escape ; as, for 
instance, when the regulating bridge, just below one of them, has 
been closed to cut off the water from the canal lower down. These 
waste gates are also located above the stream crossings, where pro- 
vision is made for closing the canal, and also just below inlet gates, 
where any considerable volume of water is taken into the channel. 
Like the regulators, each waste gate is combined with a bridge, it 
being in the line of the tow-path. There are twenty-six waste gates, 
varying in length from sixteen to seventy feet, besides overflow weirs i 
connected with some of the locks and aqueduct bridges. 

68. Supply Gates, — These are simple framed openings, provided with 
sluice gates, in the lo'wer bank of the canal, which is protected on 
each side of them by a wing wall of plank. Through them water is 
taken into the smaller channels for irrigation. Nearly all of the 
twenty-six waste gates may be used as supply gates, besides which 
one hundred and eighty supply gates have been planned, making in 
all an outlet from the canal every nine-tenths of a mile. 

PASSAGE OF DRAINAGE WATERS. 

69. In passing the natural drainage lines and channels of the coun- 
try, the flood waters which are brought down to the line of the canal 
must be either passed under or over it, taken into it, or passed through 
it. There has not been any instance upon this work in which the 
drainage waters could, to advantage, be taken over the canal; all the 
other circumstances, however, occur. 

60. Inlet Gates. — In the case of a stream of such magnitude only 
that the volume of its watejs would not approach that of the canal 
nearer than one-fifth, it may be well taken in. Inlet gates are pro- 
vided for this purpose in the upper bank of the canal. They resem- 
ble the supply or outlet gates, and are made of capacity to suit each 
particular case. There have been one hundred of them provided 
upon the line of the canal, some of which are connected in couplets 
and triplets. 

61. Outside the canal, and above the inlet gates; small settling 
reservoirs should be provided, where the velocity of the current in 
the flood waters being checked, much of tHeir sediment* would he 
deposited, and not carried into the canal. Opposite to, or a little 
below, the inlet gate, should it be of considerable capacity, a waste- 
gate should be placed, to prevent choking the waterway in the canal 
below. 

62. Stream Orossings. — The designing of these structures has pre- 
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sented the most difficult problems met with in planning this work. 
The creeks or arroyos of the West Side District almost all run in 
very shallow beds, situated upon slight ridges, built up in each 
instance by the deposit from the overflow waters of the stream itself. 
These beds are dry, or almost so, for at least eight months of each 
year, but are subject during the other four — the winter months — to 
heavy freshets of storm waters from the mountains. Having grades 
of from fifteen to twenty-five feet per mile, the flood waters rush 
down their beds at great velocity, often a hundred yards in width, 
and four to six feet in depth. It would be next to impossible to carry 
a navigable canal under these streams; to carry it over them would 
necessitate long and very expensive aqueduct bridges, approached at 
each end of the canal in high embanjiment for probably half a mile. 

63. The alternative is to locate the canal transversely through the 
creek channel, and provide means which will retain the waters of 
the canal therein without material loss (when there is not any, or at 
least, a small amount only, of drainage water coming down the 
creek), and at the same time permit the waters of the creek when in 
flood to pass across the path of the canal, and escape without injury 
to it. This is done by providing movable dams across the creek 
channel to retain the waters or permit them to escape at the will of 
managers; and gates across the canal to close it against the entrance 
of the flood waters of the creek, which, by reason either of their 
great volume and height, or the quantity of sediment in suspension, 
it may not be desirable to have in the canal. 

64. Each creek with its peculiar conditions presents a problem in 
itself, and many devices to accomplish their passage have been 
sketched out and considered. Their discussion, however, would 
occupy too much space of this report. The principal difficulty to be 
overcome is the provision of a water-tight, movable dam, at a reason- 
able cost. The Indian system, of a double falling-dam, appears most 
applicable to streams of medium size on this work, but tne French 
system, of pivot gates, has been adopted for the largest streams; 
while for the smaller ones, structures resembling the waste gates will 
suffice. 

65. As the waters of the stream have to be confined to a narrow^er 
channel than that in which they may naturally run, and be raised to 
a greater height at the canal crossing, in making its passage, embank- 
ments to guard against lateral overflow are provided on each bank 
of the creek for some distance above the canal. Twenty -two streams 
are thus crossed upon the line of the work, eight of which are quite 
formidable. At times the waters of these creeks may be taken into 
the canal, and used for its purposes, thus diminishing the draught 
upon the lake. 

66. Aqueduct Bridges. — In the instances where wide and deep 
depressions of any character had to be passed by the canal, aqueduct 
bridges have been provided for. Supported on piers of piles, between 
which deep, double, iron-braced beams extend, the conduit is com- 
posed of a neavy framed flume, double-planked and caulked, along- 
side of which, on piles, and framed with the main structure, the 
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tow-path runs. The capacity of these conduits is adjusted to the 
quantity of water they will be called upon to carry, care being taken 
not to restrict their widths so as to interfere materially with naviga- 
tion. There are projected upon the line eight aqueduct bridges, 
varying in length from two hundred and eighty-eight to one thousand 
feet, and in width of waterway from twenty-six to forty feet, carrying 
five to six and five-tenths feet depth of water. 

67. Culverts', — In instances where it was desirable to carry the canal 
in embankment across depressions in which much drainage water 
may run, stone culverts have been planned to conduct such waters 
under the canal embankment, and thence away. These vary in 
dimensions from that of a circular arch of four feet span to one of 
twelve feet span. Some flat arches, of twelve feet span and eight 
feet rise, are used, and there is one double arch of the last dimensions. 

68. These culverts are planned to be of what may be considered in 
this country first-class masonry work for such structures. The canal 
bottom being puddled over all in embankment, an extra depth and 
amount of puddle is provided over and around the culverts. There 
are thirty-two culverts located in this work. 



69. Locks. — The foundations of the locks consist of piling, with 
longitudinal caps and transverse sills: The walls of the locks are 
framed, heavily planked inside and out, and filled with fine concrete 
between the frame timbers. The floors are double, with cement 
between. Walls heavily braced, and tied back to transverse sills. 
The "tumble" gate has been adopted as less wasteful of water, 
less likely to strain the structure by outward pressure, more econom- 
ical of room, and easier managed. A bridge is combined with each 
lock, at the lower end thereof. One lock has been provided at the 
headworks as necessary for perhaps half the year, when the water 
will be materially higher in the lake than in the canal. Sixteen 
locks, varying in lift from eight to fourteen feet, are located upon 
the line between Bonsall Creek and the terminal basin, the aggre- 
gate lockage through which, above mean high-water level in the 
riv^r, is one hundred and fifty -two feet. All locks are planned 
ninety- four feet nine inches long, in the clear; one hundred and 
forty feet nine inches long over all (not including the apron at foot 
of lock), and seventeen feet wide in the clear. 

THE TIDAL BASIN. 

70. The tidal basin at the terminus of the canal is projected to pro- 
vide a still harbor for the canal boats, into which or from which they 
may at any time be locked. It is eight hundred feet long, four hun- 
dred feet wide, and is provided with a pair of tide-gates, through 
which entrance and exit from and to the river is obtained. A wharl 
around three sides of this basin is planned, and a high bridge, over 
the channel to the river, provided. The plan is only provisional, aa 
no detail survey of the site was made. 
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THE HEADWORKS. 

71. A suitable regulator, with bridge, is projected for the headwork. 
fhis structure has been planned with reference to sustaining great 

Eessure at time of high water in the lake. It is one hundred and 
rty feet long over all, and may be closed nineteen feet high above 
he sill. A lock, situated in a side channel and alongside of the regu- 
ator, to facilitate the passage of boats when the waters of the lake 
ire higher than those of the canaj, is provided. This lock, also, is 
stimated upon with due regard to*the height of water which it may 
k called upon to support on the lake side. 

CONCLUSION. 

It is by no means asserted that definite plans have been made for 
ach of the structures contemplated upon this work ; but each class 
)f structure has been planned in one, two, or three instances, sizes 
md sj'^stems, of which close estimates were made, and the results 
aipplied, according to circumstances, to the other similar construc- 
tions. 



APPENDIX D. 



THE WATER SUPPLY. 

PROVISIONS OF THE LAW. 

1. The Act organizing your Board directs that one thousand cubi 
feet per second of the waters of Tulare Lake, and fifty cubic feet pe 
second of the waters of the San Joaquin River, may be appropriatet 
for the uses and purposes of irrigation, navigation, etc., by the Wea 
Side Irrigation District. The supplemental Act, approved at thi 
same time, contemplates the construction of a canal from Tular| 
Lake to Antioch, drawing its waters from the lake, for the irrigatioj 
of the entire district and the other purposes of the canal. BotI 
enactments clearly designate the lake as the immediate chief sourc 
of supply, and appear to take it for granted that sufficient water ma; 
be had from that source for the purposes spoken of. As shown h, 
estimate of supply necessary, (Appendix C, pars. 4 and 17,) the on 
thousand cubic feet per second, mentioned in the organic Act, is nc 
much over half the amount required at time of maximum demancj 
twenty-five per cent, more than that taken at time of minimuii 
demand, and not quite equal to five-sixths of the demand for th 
average of the year. 

NECESSITY FOR EXTENDED OBSERVATIONS. 

2. The amount of water which may be taken from the lake annu 
ally, and be depended upon as a constant supply, could only b 
determined accurately by an extended survey of the lake, its sui 
rounding shores, and outlet or overflow channel — supplemented b; 
the gauging of the streams whose waters find their way into it, an( 
observations upon the level of the waters in the lake itself, extendin] 
through a series of years. There has not, of course, been time at you 
disposal for such examinations; neither does the law direct that an; 
investigation of the amount of the water supply be made. Neverthe 
less, it was in contemplation to take sonie soundings in the lake, an( 
make an examination of its shore, to complete a reconnoissance of tha 
nature already half finished under the direction of the San Joaquit 
and King's River Canal and Irrigation Company, the notes of whicl 
had been, among the memoranda, placed at your disposal by thai 
company. Never having received instructions to proceed with th( 
work, I am under the necessity of reporting upon tnis branch of oui 
subject from partial data. 
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THE GREAT TULARE BASIN. 

3. The southern end of the great basin of California, to the extent 
f one-fourth of the area of the whole, is tributary as a water-shed to 
'ulare Lake. Upon a due north and south line the distance across 
lis water-shed is one hundred and sixty miles; from east to west it 
I one hundred and thirty miles in diameter. 

4. Its exterior boundary may be described in general terms as fol- 
}\vs: Commencing at the common corner of Fresno and Tulare 
Jounties, upon the summit of the Coast Range of mountains, about 
oidway of the line between townships twenty-three south, ranges 
ifteen and sixteen east, Mount Diablo meridian and base, and 
unning thence along the crest of the Coast Range, in a direction 
ilmost due southeast, about one hundred and ten miles, to the 
fejon Mountains; thence along the crest of the Tejon range and 
iierra Nevada Mountains, northeast ninety miles, to the summit of 
ihe main range of the Sierra Nevada Mountains ; thence along the 
irest of the last-mentioned range north, twenty degrees west, one 
bndred miles, to the divide between the headwaters of the San Joa- 
juin and King's Rivers ; thence following the meandering of said 
aivide northerly, westerly, and southwesterly, to the common corner 
Df townships thirteen and fourteen south, range twenty-two east, and 
townships thirteen and fourteen south, range twenty-three east, which 
torner is near the point where King's River leaves the mountains 
lind advances upon the plains; thence southwest diagonally across 
(our townships ; thence south, on township line, about fifteen miles, 
to the line between Tulare and Fresno Counties ; and thence south 
and west along said line to point of beginning — embracing about 
thirteen thousand four hundred and twenty square miles, of which 
live thousand seven hundred and four are of lake surface, swamp, 
plain, and foothills less than one thousand feet above the level of 
the sea-^Tulare Lake itself being the lowest point in the basin, with 
its waters about two hundred feet above that level. 

With respect to elevation the remaining area is distributed about 
as follows: 

from 1,000 to 2,000 feet above the sea 1,996 square miles. 

J'rom 2,000 to 4,000 feet above the sea 1,600 square miles. 

From 4,000 to 6,000 feet above the sea : 1,400 square miles. 

^rom 6,000 to 7,600 feet above the sea 1,400 square miles. 

More than 7,600 feet above the sea 1,400 square miles. 

WATER-SHED OF TULARE LAKE. 

5. Along the southwest border of the basin the high lands are but 
a narrow strip, forming the eastern slope of the Coast Range, gen- 
erally only five or six miles in width, seldom if ever rising higher 
than two thousand feet, and in area about four hundred and sixty- 
^jght square miles. This region is almost treeless, and, being pre- 
cipitous, is much broken and cut up by drainage channels and deep 
jrroyos. At the southern corner of the basin the flank of the Tejon 
Mountains, drained by the San Emidio, Arroyo Plato, Arroyo Tucolla, 
Arroyo el Tejon, Agua Caliente, Tehatchipi, and other creeks, is one 
ftousand one hundred and eleven square miles in area, and probably 
rises to an elevation somewhat in excess of five thousand feet. A 
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portion of this region also is but sparsely timbered, and the rains a 
winter are drained oflF rapidly after the ground has been once wel 
watered. Thence northerly upon the east side of the basin the west 
ern slope of the Sierra Nevada Mountains, six thousand one hundre( 
and seventeen miles in area, extends a distance of one hundred am 
thirty miles, with an average breadth of more than forty-seven miles 
and rises to an elevation of fourteen thousand or fifteen thousand fee 
above the level of the sea. This region is drained, commencing a 
the south, by: 

Kern River, drainage area 2,382 square mil 

Posa Creek, drainage area 278 square milei 

White River, Deer Creek, etc., drainage area 660 square mil© 

Tule River, drainage area ■ 446 square milei 

Karveali River, drainage area 608 square milei 

King's River, drainage area 1,853 square mil 

RAIN AND SNOWFALL. 

6. For the most part this flank of the Sierras is heavily timbere 
from three thousand to seven thousand five hundred feet of eleva 
tion, and the waters of precipitation are restrained and made to i\o 
off gradually. In the higher regions the greater part of these wate 
come in the form of siiow, which lies until the warmth of sprin 
rnelts it, causing the spring freshets in the streams. We have bu 
little data upon which to base an estimate of the actual amount o 
rain and snowfall in this basin; nevertheless, making use of thai 
which is at hand, and discounting the result in order to be on th( 
safe side, I find the high lands of the district, taken in belts accord- 
ing to elevation as given in paragraph four, during an average drj 
year, will receive respectively about one, two, three, four, and fiv^ 
feet of rainfall, or its equivalent in snow. Averaging the aggregate 
thus received over the entire area of high lands, the result will be twc 
and eight-tenths feet. 

7. Nearly all the high lands of the basin are of a precipitous naturCj 
running off a large proportion of the waters falling upon them. The 
higher portions are in a great measure of compact rock formation^ 
are at all times thoroughly wetted, and shed a very large proportion 
of the waters falling upon them. 

PROPORTION OF RAINFALL CARRIED BY THE STREAMS. 

8. Taking these and other circumstances into consideration, and 
basing the scale upon generally adopted rules applying in such cases, 
the conclusion is arrived at that in the five belts of high land, already 
designated according to elevation, the amount of rainfall which ia 
actually carried altogether away by the strearns is respectively, com- 
mencing in the lowest belt, one-fifth, one-fourth, one-third, one-half, 
and two-thirds of the amounts received upon the corresponding belts. 

From the foregoing data and considerations the following table 
has been prepared : 



Computation of the amount of drainage from the mountain water-shed of 
Tulare basin, during an average season of minimum rainfall. 



Elevation above the 
sett, in feet. 


Ar 


a or Bklt. 


El 

P 


Amount of an- 
iiiial ruinfall, 
cubic feet. 


nl 

IF 

"5! 


Amount carried 


•sc 


Square feet. 


bythestreanis, 
cubic feet. 


ill!! 

ssss ; 

Hill 


1,990 
1,500 
1,400 
1,400 
1,400 


S5,84S,28fl,4l>0 
41,817,800,000 
39,029,760,000 
39,029,700,000 
39,029,760,000 


2 
3 

i 


55,545,288,400 
S3 ,035 ,200 ,000 
117,089,280,000 
156,119,040,000 
195,148,800,000 


1-5 


11,129,057,280 
20 .9 08,801) ,000 
.19,029,760,000 
78,039,520.000 
1.10,099,200,000 




607,637,600,400 


279,22 6 ,3;( 7,280 



9. By still further analyzing the disposition of the proportion of 
rainfall which the streams carry away, as to the time of season when 
probably carried by them, the material for the next table has been 
obtained. 

TABLE II. 

Computation of the winter, spring, summer, and autumn flow of streams 
from the mountain wafer-shed of Talare basin. 
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— The above percentages are respectively of the amounts given in preceding table. 



TULARE LAKE. 

10. Near the northwest corner of the great basin described, and at 
its bottom as it were, Tulare Lake is situated, the ground on all sides 
sloping towards it from the crest of the mountains, except at a low, 
narrow rim upon its northern margin, over which the waters at 
limes escape. Towards this lake the drainage waters of the great 
basin, above and below ground — visible and invisible— flow; a por- 
tion only being arrested to fill Buena Vista, Kern, and other 
small lakes, lying to the southeast, the overflow from which moves 
on to Tulare Lake. In area it embraces, in time of low water, five 
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hundred and seventy-five to six hundred square miles; at time (A\ 
ordinary high water, seven hundred to seven hundred and tw'^enty- 
five square miles; at times of high flood, eight hundred to eight 
hundred and fifty square miles. It is oval in snape, with its shorter 
axis about two-thirds the length of the longer axis, being about 
twenty-two miles wide and thirty-two miles long at time of low 
water. The distance around it at the water's edge, at such time, is 
about one hundred miles. 

11. Its waters stand at one hundred and ninety-five feet of eleva- 
tion above base of your surveys — or two hundred and three and five- 
tenths feet above ordinary high tide at Antioch — when at their ordi- 
nary low stage. They rise four feet above this level to ordinary high 
water ; four and seven-tenths feet higher, or, in all, eight and seven- 
tenths feet, to flood level, and possibly fall one foot below ordinary 
low water to extreme low-water stage. Its bottom is, for the most 
part, at a very slight inclination to the horizon, so that it attains a 
maximum depth, so far as known, of thirty-one feet below ordinary 
low- water level. 

12. Its shores, to a great extent bordered with tules or rushes, are 
generally very flat, rising at a slope not exceeding five feet per mile 
for some distance back. One notable exception is on its north w^est 
border, about twenty miles from the mouth of King's River — and 
the site of the head works of the proposed canal — where the high 
land comes down boldly to the water's edge, forming a bluff* ten or 
twelve feet high, opposite which the water deepens more rapidly, 
attaining a depth of eighteen feet in about two miles. Near the 
southern extremity of the lake there are several low marshy islands, 
standing about two to three miles off" shore. The areas of these are 
not included in the computation of the area of the lake; neither 
have the larger bodies of swamp (though covered with water to a 
depth of one to five feet) been included in the area of the lake. 

BUENA VISTA AND KERN LAKES. 

13. Buena Vista Lake, a sheet of water twenty-seven square miles 
in area, is situated upon the plain towards the southern corner of the 
basin, about forty-five miles from Tulare Lake, and nearly ninety 
feet above it. 

14. Kern Lake is ten miles east of Buena Vista Lake, essentially 
or nearly on the same level with it, and has an area of seventeen 
square miles. 

15. These two lakes receive the waters of Kern River, and the 
creeks draining the Tejon Mountains west of it, and overflow into 
Tulare Lake. 

TULARE LAKE AS A RESERVOIR. 

16. It must be apparent that the waters composing the winter and 
spring freshets of the streams of this great basin cannot all be imme- 
diately used for purposes of irrigation. Indeed, the spring waters — 
coming, as they do, within a very few weeks, as a hot spell of weather 
chances to melt the snow, and at a time of year when irrigation is 
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&ast needed — must be in a great measure lost unless restrained from 
Bcaping. To be utilized, these waters must be stored. Tulare Lake 
Bems providentially provided as a great reservoir for that purpose, 
^he autumn flow of the streams running into it will doubtless, in 
ime, all be taken out for irrigation before reaching the lake above 
round. Percolation, however, will bring much of the waste of these 
treams eventually into the lake below the surface of the ground. 

17. As an immediate source of supply for the West Side Irrigation 
knal, therefore, we have to consider the lake as a reservoir, which is 
illed at a certain period or periods of the year, to be drawn from at 
I given rate or rates the year round. 

THE OVERFLOW OF THE LAKE. 

18. The Fresno Swamp, extending from the north end of the lake 
in a northwesterly direction about fifty-five miles, to the San Joaquin 
River, with its various ramifying sloughs, constitutes the overflow 
channel of the lake, as it is more particularly described in Appendices 
B and C. By this route its waters commence to escape above ground 
when they rise to an elevation of one hundred and ninety-six and 
five-tenths feet above datum, viz: one and five-tenths feet above ordi- 
nary low water in the lake, and two and five-tenths feet below ordinary 
high water. I have not sufficient data at hand upon which to base a 
careful estimate of the volume of water which escapes through this 
swamp and its sloughs, at the various stages of the lake ; but, as an 
approximation, it appears that, at ordinary high water from fifteen 
thousand to thirty thousand cubic feet per second, and at flood level 
from seventy thousand to one hundred and forty thousand cubic 
feet per second must certainly escape. When it is considered that at 
the lowest rate of escape mentioned, sufficient water would be lost 
within thirty days to supply the water for the projected West Side 
Canal for the year round, if properly meted out without evaporation, 
the comparative insignificance of the amount of water really required 
for canal purposes becomes apparent. 

EVAPORATION FROM THE LAKE. 

19. In the popular consideration of the disappearance of so much 
of the waters of Tulare Lake during the summer and autumn, after 
they have ceased to overflow, the loss from evaporation has not been 
sufficiently taken into account. Although there have not been any 
observations made in the San Joaquin Valley for the purpose of 
determining the amount of evaporation, the results of investigations 
of this nature under nearly similar conditions elsewhere enable us 
to fix upon a rate which is submitted as an approximation to the truth. 

20. The following table shows, in tenths of a foot of depth, the 
probable loss of water from the surface of Tulare Lake, from this 
cause, during each month of the year. In its consideration the fact 
must be remembered that, although the temperature and dryness of 
the air around this lake are very favorable to a high rate of evapora- 
tion, its surface is so extended that, in the absence of wund to renew 
the atmosphere over it, evaporation must be greatly checked, and the 
rate reduced. From a small pond, similarly situated to Tulare Lake, 
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the total annual evaporation would probably be six and a quarter 
feet in depth : 

TABLE III. 

Monthly rate of evaporation from the surface of Tulare Lake, 



Month. 



Feet. 



Month. 



Feet. 



Month. 



Feet. 



January > 
February 
March _ _ 
April 



0.05 
0.10 
0.20 
0.40 



May — 
June __ 
July___ 
August 



0.50 
0.70 
0.90 
0.80 



September 

October 

November 
December 



0.6 
0.4 
0.3 
0.05 



21. The total depth of evaporation for a year is, tlien, probably five 
feet. 

During the month of July of each year eighteen thousand million 
cubic feet of water are taken up into the atmosphere by the procei?s 
of evaporation — an amount more than sufficient to cover the irriga- 
ble land? of the West Side District, for any one season, one foot in 
depth. 

The total amount of evaporation from the surface of this lake for 
each year is in excess of ninety thousand million cubic feet of water — 
an amount much more than sufficient to supply two such canals as 
that contemplated for the West Side District the year round. 

22. At the end of July the waters of the lake cease to overflow at 
one hundred and ninety-six and five-tenths feet of elevation. 

The evaporation for August, September, October, and November, 
is two and one-tenth feet. 

As far as observed, the waters of the lake have not been known to 
be lower than one hundred and ninety-five feet at the end of Novem- 
ber. There must be then a supply of water equivalent to six-tenths of 
a foot in depth upon the lakers surface at one hundred and six feet of 
elevation, reach it during that period. This is, doubtless, the last 
of the snow water, principally, which finds its way down in July, 
and the waters of underground percolation. 



CONTENT OF TULARE LAKE. 

23. From the surveys and soundings before alluded to, together 
with other authentic information, a table has been prepared showing 
the area of the lake basin at each foot of elevation, from two feet 
below the lowest low water, or one hundred and ninety-two feet 
above base, to two hundred and three feet above base, and the con- 
tent of each foot layer in cubic feet within this range. Though but 
approximately correct, on account of the insufficiency of the data, 
care has been taken by allowing for exceedingly flat slopes for the 
bottom below the line of ordinary low water (19*5) where not known 
to be more by survey, and comparatively steep slopes above that 
level, to err on the safe side, and make the capacity of the basin 
somewhat smaller than it would doubtless prove to be upon accurate 
measurement. 
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TABLE IV. 

Content of Tulare Lake, 



Elevation of sur- 
faoe. in feet. 


Area of surface, 


AVERAGR AREA 


OF THE LAYERS, ONE FOOT DEEP EACH. 


above base. 


in square miles. 


In square miles. 


m 

In. acres. 


In square feet. 


203 


841.36 
807.26 








202 


824.31 


627,558.4 , 


22,980,443,904 


201 


773.78 


790.52 


605,932.8 


22,038,432,768 


200 


741.67 


757.72 


484,940.8 


21,124,021,248 


199 


709.81 


725.74 


464,473.6 


20,232,470,016 


198 


678.86 


694.33 


444,371.2 


19,356,809,472 


197 


648.27 


663.56 


424,678.4 


18,498,991,104 


196 


618.83 


633.55 


405,472.0 


17,662,360,320 


195 


589.64 


604.23 


386,707.2 


16,844,965,632 


194 


661.16 


575.40 


368.256.0 


16,041,231,360 


193 


533.78 


547.47 


350,380.8 


15,262,587,648 


192 


506.70 


520.24 


332,953.6 


14,503,458,816 



24. Referring to Table II., the flow of waters gravitating towards 
Tulare Lake, for an average dry year — being one in which crops 
generally would fail without irrigation— ;is found to be as follows : 

During winter — December, January, February, and March 126,220,385,280 

During spring— April, May, and June 106,820,736,000 

During summer — July, August, and September 29,272,320,000 

During autumn — October and November : 16,912,896,000 

Total in cubic feet 279,226,337,280 

25. During the month of November of each year the waters of the 
lake are at their low stage, about one hundred and ninety-five feet 
above base. At this time they are receiving ordinarily the minimum 
amount of supply from the streams; thenceforward, however, a 
diminution in the rate and amount of evaporation from the lake 
itself, and a slightly increased supply (as an eff*ect of the same cause 
also) from the streams and underground percolation keeps the waters 
in ordinary seasons from falling materially lower ; when the freshets 
of December and of January raise their level to the overflowing 
stage — one hundred and ninety-six and five-tenths feet above base — at 
about which elevation, or a little above and overflowing, they remain 
until the floods of May and June, caused by the melting of the snows, 
raise their surface to ordinary high-water mark — one hundred and 
ninety-nine feet above base. At this height, although there is an 
immense volume being discharged continually, they remain several 
weeks (according to the amount of snow in the mountains), when they 
gradually recede by overflow and evaporation to one hundred and 
ninety-six and five-tenths feet of elevation above base, where overflow 
ceases; which level they reach about the end of July, and thence are 
reduced bv evaporation to one hundred and ninety-five feet above 
base — the low- water stage again — receiving during the meantime the 
summer flow of King's River and the waters of underground perco- 
lation from the entire basin. 
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26. The content of the lake, summarized from the foregoing table, 
is about as follows, in cubic feet : 

Prom extreme low water (194) to ordinary low water (195) 16,041,231,360 

From ordinary low water to medium high water (200) 92,595,596,544 

From extreme low to medium high water 108,636,827,904 

From extreme low water (194) to ordinary low -stater (196) 16,041,231,360 

From ordinary low water (195) to overflow mark (196.5) 25,470,965,632 

From extreme low water to overflow levelJ 41,512,196,992 

27. The most unfavorable combination of circumstances which 
may reasonably be expected in the consideration of the supply of 
water to be depended upon from Tulare Lake, is the occurrence of a 
season of light rains after one when the lake would naturally have 
been reduced to the lowest level of its waters (194), herein before 
given. For such a season the rainfall over the plains of the basin 
will probably not average over four inches in depth, but upon the 
high land water-shed the conditions given in Tables I. and II. will 
obtain. 

CONSUMPTION OF WATER ABOVE TULARE LAKE. 

28. In the Tulare basin, above the elevation of the lake of course, 
and lying east and south of it principally, there are one million eight 
hundred thousand acres of land which could be irrigated by gravita- 
tion from the waters of the streams taken into canals at the points 
where those streams come out of the hills. For reasons given in 
Appendix A, and for other reasons which must be apparent, it is 
submitted that not more than one million acres of this land will 
ever be actually irrigated in any one season, and that much even in 
the distant future. To irrigate this amount of land the waters of the 
surface drainage of the basin will be first taxed before arriving at 
Tulare Lake. For this purpose the entire autumn flow of the streams 
is given up as a source of supply to the lake ; and in the following 
estimate of supply so much of the winter and spring flows are set 
aside as are necessary, the latter being in amount sufficient to cover the 
lands one foot in depth, with proper allowance for evaporation, etc. 

29. Buena Vista and Kern Lakes are situated upon a plateau, as it 
were, in the path of Kern River and the creeks to the west of it, on 
their way to Tulare Lake. The depression in this plateau, holding 
these small lakes, must be filled before overflowing into Tulare Lake. 
It is estimated at fifty square miles in area, and reckoned to take four 
feet in depth of water, with an allowance of twenty per centum for 
loss by filtration into the ground, to fill it from low water to over- 
flowing stage. The waters of the winter and spring flows of the 
streams, after being taxed for the irrigation of the one million acres 
of land, and for the filling of the basins of Kern and Buena Vista 
Lakes, move onward to Tulare Lake, losing on their way a small 
percentage by evaporation and infiltration. This percentage is 
reckoned at fifteen per centum for the winter flow, and ten per 
centum for the spring flow — the greatest loss being in the first of 
the winter months, to fill the dry earth in the beds of the streams; 
and the loss by evaporation being comparatively small at both sea- 
sons. It is probable that four-fifths of the first irrigation of the sea- 
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son will be conducted during thfe winter months and one-fifth during 
the spring months, and is so allowed for the lands of Tulare basin. 

PROBABLE FUTURE SUPPLY OF TULARE LAKE. 

30. To first consider the case, wherein this maximum amount of 
land, to be irrigated in the Tulare basin, will demand its one foot in 
depth of water, (Jliring winter or spring, in a season when the most 
unfavorable circumstances combine, as before explained, for the 
prospects of Tulare Lake obtaining its supply. 

THE WINTER SUPPLY OF T5E STREAMS. 

Total amount of flow (Table IL)— cubic feet 126,220,000,000 

To fill upper basin (par. 29)— cubic feet 7,000,000,000 

To irrigate 800,000 acres (par. 28)— cubic feet 40,000,000,000 

Fifteen per centum of balance lost (par. 29) — cubic feet 11,883,000,000 

Amount arriving at Tulare Lake — cubic feet 67,337,000,000 

Total— cubic feet 126,220,000,000 

The demands of irrigation above the lake being met, the allow- 
ance made for Buena Vista and Kern Lake basins, and that for loss 
into the ground also made, we have sixty-seven thousand three hun- 
dred and thirty-seven million cubic feet of water left of the winter 
flow of the streams for Tulare Lake. 

31. The drainage waters of the spring months, as before remarked, 
are in great measure derived from melting snow^s ; and, although the 
streams which have any considerable area of their water-sheds above 
five thousand feet of elevation are well supplied during the three 
months constituting this period, a great mass of the total flow is sent 
down within thirty days — the first w^arm spell of the season on the 
mountains, which may occur at any time between the first of May 
and the end of June — or, there may be two or more freshets of the 
kind, of shorter duration each, according to the weather. It is quite 
evident that the waters of these freshets, coming, as they do, at a 
time when irrigation is least needed for general farm purposes — too 
late to use upon the first crops, and too early for the second — cannot 
be utilized to any great extent without storing them. 

32. Having provided for the watering of eight hundred thousand 
acres of land in the Tulare basin, lying above the lake, from the 
waters of the winter flow, w^e now provide for the remaining two 
hundred thousand acres which may in time demand irrigation. It 
must be remembered also that at this season the stream-beds have 
become thoroughly wetted, so that there is less loss by filtration into 
the adjacent soil. The marsh lands and small lakes situated at the 
upper end of the basin have been filled, and take but a small addi- 
tional amount to cause them to overflow into Tulare Lake. 

THE SPRING SUPPLY OF THE STREAMS. 

# 

Total amount of flow (Table II.)— cubic feet__ 106,821,000,000 

To supply loss in upper lake — cubic feet 3,500,000,000 

To irrigate 200,000 acres— cubic feet __, 10,000,000,000 

Ten per centum of balance lost— cubic feet _— _ 9,332,000,000 

Amount arriving at Tulare Lake — cubic feet 83,989,000,000 

Total— cubic feet — 106,821,000,000 
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33. We find the amount of water which will probably arrive at 
Tulare Lake in the high-water season of a dry year, in the future, as 
follows : 

Arriving at Tulare Lake in winter — cubic feet 67,337,000,000 

Arriving at Tulare Lake in spring — cubic feet 83,989,000,000 

Total— cubic feet 161,326,000,000 

In brief, this amount is suflicient to raise the waters of the lake 
from extreme low water five feet in elevation, thus supplying the 
annual loss by evaporation, and leaving about sixty thousand mill- 
ions of cubic feet of water in excess, which may be appropriated for 
canal purposes. 

DRAUGHT OF THE CANAL. 

34. As may be seen in Appendix C, the total yearly draught of 
the canal, flowing at a rate sufficient to supply water for all the pur- 
poses of the work, is estimated at thirty-nine thousand and sixty-three 
millions of cubic feet, which is only two-thirds of the quantity of 
water estimated as that arriving at the lake during a season of light 
rainfall, over and above a sufficient amount to supply the loss there- 
from "by evaporation. In other words, in such a season there will be 
twenty thousand million cubic feet of water to spare. 

To utilize these fiood-waterSj upon which Tulare Lake in the future will 
depend for its supply ^ they Tnust be stored — prevented from escaping from 
the lake. 

IRRIGATION. 

35. It will be found that the most advantageous season to irrigate 
heavily upon the west side of the San Joaquin Valley is in the fall 
of the year and early winter — directly the summer's burning and 
evaporating power of the sun becomes materially diminished, as 
winter approaches: then, when the late crops have been gathered, 
the land should be thoroughly irrigated and plowed as soon as dry 
enough. 

* • 

36. The advantages of this method are five-fold, viz: 

First — Irrigation can be conducted with much less labor when 
there are not any crops upon the ground than when there are. 

Second — Thers being more time to spare, the wateiv-can be taken on 
to the ground more gradually and allowed to stand longer upon it, 
thus thoroughly watering the alkaline soils so common upon the 
West Side, and which have been found to repel the waters of irriga- 
tion in a high degree. 

Third — With the thorough soaking of the ground in the fall, there 
will be no necessity for heavy irrigation after the crop is in, and con- 
sequently not so much danger of causing the plants to run to stalk 
and not to substantial produce. 

Fourth — There will be no necessity for heavy irrigation after the 
crop is growing, so that the danger of scalding the young and tender 
plants will be less. 

Fifth — The fall of the year is the season when the farmer ordina- 
rily has much spare time. A system of irrigation, therefore, which 
permits the agriculturist to avail himself of this spare time to apply 
its waters to the land is better than one which does not off*er such 
advantages. 
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37. This system necessitates the largest supply of water at the 
season of the year when all the rivers are at their low^est stage. It 
would not, therefore, meet with so much favor in districts whose 
canals — deriving their supply from the running streams of the coun- 
try — are dependent upon the rains of winter for their full supply. 

WATER SUPPLY. 

38. The surplus of water in a very dry year, as we have seen, is 
present in the lake during the latter part of winter and in the spring; 
at the latter time, too late for use upon the main first crop of that 
year. Can a sufficient quantity of this surplus, in the exceptionally 
dry year we have been considering, to supply the heavy demands for 
irrigation in the fall, be stored in the lake without great expense? 

39. To consider a practical case: Suppose there has been an ordi- 
narily dry year, such a season as would result in the general loss of 
crops on the West Side. The lake has been reduced to one hundred 
and ninety-four feet elevation above base — its lowest low-water stage. 
As previously shown, to raise the lake's surface from this lowest low- 
water stage (194) to medium high-water level (200), one hundred and 
eight thousand six hundred and thirty-seven millions of cubic feet 
of water are required. Further; suppose that another dry season 
succeeds. We have seen that one hundred and fifty-one thousand 
three hundred and twenty-six million cubic feet of water will prob- 
ably reach Tulare Lake during such a season. By the end of the 
spring freshets, for this second dry season, sufficient water will have 
arrived at the lake to raise its waters from the extreme low stage to 
the medium high stage, and forty-two thousand six hundred and 
eighty-nine million cubic feet to spare. 

40. Of course the waters will not be so raised unless they are pre- 
vented from overflowing to a degree sufficient for the purpose. 
Suppose they were so prevented from escaping, and held at medium 
tiigh-water stage — two hundred feet above the base of surveys. This 
stage would be attained, and the surplus forty-two thousand three 
hundred and sixtj^-seven million cubic feet would have escaped by 
tlie end of July, when the spring freshets had altogether ceased. 

41. Then the draught of the canal commences, and evaporation 
produces the loss heretofore estimated, which loss we will say is only 

ihalf offsetted by the flow into the lake of the last of the melted snow 
I waters. We would then have the loss for August, eight-tenths of a 
foot less four-tenths of a foot, equals four-tenths of a foot; and for 
September six-tenths of a foot, as per Table III. The effect would be 
as follows : 

Elevation of lake's surface July 31st 200 

Deduct balance of loss for August 0.4 

Deduct draught of canal for August, 2,009,000,000 cubic feet, less than, but say 0.1 0.5 

Elevation of lake's surface August 31st-_ __ __ 199.6 

Deduct loss by evaporation for September _ 0.7 

Deduct draught of canal for September, 1,944,000,000 cubic feet, less than, but say__ _ 0.1 0.8 

198.7 



80 

42. At this time the maximum demand for water for irrigation 
commences, and it will be necessary to have the waters of the lake 
at such a height that there will be sufficient head to give the canal 
its full supply. The sill of the canal head-gates has been fixed at 
elevation one hundred and eighty-nine. The depth of water which 
could be taken into the canal would then be one hundred and ninety- 
eight and seven-tenths, less one hundred and eighty-nine, equals nine 
and seven-tenths feet. In Appendix C (par. 17) will be found a pro- 
visional schedule of the monthly discharge of the canal for the year, 
based upon the opinion expressed in the foregoing paragraphs con- 
cerning the most advantageous season of the year to irrigate. From 
this table it will be seen that the draught of the canal for the month 
of October has been fixed at two thousand cubic feet per second, 
which is equal to the discharge of the canal at about nine and four- 
tenths feet depth of water. 

43. As just seen, we have nine and seven-tenths feet to start in 
with on the first of October. The effect will be approximately asj 
follows : i 

Elevation of water in lake October 1st 198.7 

Loss bv evaporation in October 0.4 

Draught of canal in October, 5,356,000,000 cubic feet 0.3 0.7 

1 

Elevation of water November 1st 198.0 

Loss by evaporation in November 0.3 

Draught of canal in November, 4,873,000,000 cubic feet 0.3 0.6 

197.4 

44. On the first of December, then, without any supply from tliei 
winter rains, the height of the lake would be one hundred and ninety- 
seven and four-tenths feet above base, or eight and four-tenths feet 
above the sill of the headworks of the canal, affording a draught of 
eight and two-tenths feet in depth in the canal, which would make the 
volume of its discharge one thousand seven hundred and eighty-three 
cubic feet per second ; it being set down, in the schedule before alluded 
to in Appendix C, at one thousand seven hundred and sixty cubic 
feet per second. At this period the rains of winter would probably 
commence to affect the height of the waters of the lake, and raise 
them to an elevation more than sufficient to supply the draught of 
the canal for the rerpainder of the season. 

45. It is evident that if the waters of Tulare Lake are held at ele- 
vation two hundred above base, there will be a sufficiency in head 
and quantity to supply the demands of the district, if the data upon 
which the foregoing calculations are made are reasonably close to 
the truth. 

DYKE AND EMBANKMENT. 

46. To effect this end, a dyke must be constructed across the 
swamp and sloughs comprising the overflow channel of the lake, 
from the canal embankment at high land oh the west to the high 
lands on the east. This dyke would have to be provided with an 
overflow weir, whence the waters could freely escape after arriving 
at the elevation required. The proper location for the dyke is just 
above Summit Lake and below the point where King's River enters 
the swamp from the east. 
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Further than this, there would have to be also an embankment 
or levee from the eastern end of the dyke, extending up the northern 
bank of the southern fork of King's River to and across Cole's Slough, 
with dams across all intermediate sloughs, on the line of the levee, 
to prevent the escape of the King's River waters through the chan- 
nels leading off from its main course into the swamp towards the 
San Joaquin River. 

47. The effects of the embankment and levee would be as follows: 
First — The water of Tulare Lake would be held at medium high- 
water elevation a month longer than it now ever stays, and its sur- 
face would be gradually lowered until the rains of December and 
January replenished the streams. 

Second — The tule lands lying around the lake could still be 
reclaimed by the erection of levees of the same height that will be 
required to reclaim them now, unless the level of the lake is low- 
ered, for the escape of the waters ought to be so regulated that the 
lake never will rise to a higher level than it does now. 

Third — ^The swamp lands lying in the overflow channel of the 
lake below the embankment and levee will be much more easily 
reclaimed. 

48. The canal might be located at a lower level, which would per- 
mit a correspondingly lower embankment and elevation of the water 
in the lake; the cost of reclaiming the tule lands around the lake 
would possibly then be rendered less expensive, but the cost of con- 
structing the canal for the first sixteen or seventeen miles of its 
length would be far greater than if the system at present proposed 
were carried out. The aim of the present location is not to disturb, 
further than is absolutely necessary, the normal condition of things 
about the lake. This subject is furtner referred to in other papers. 

OTHER SOURCES OF SUPPLY. 

49. It will be observed that no allowance has been made in the 
foregoing estimates for loss from the lake by percolation into the soil 
and through the substrata of its marginal rim, in the line of the 
natural drainage, towards the San Joaquin River. Such a loss 
undoubtedly exists. But there is also a gain through similar subter- 
raneous porous strata, sloping towards the lake from nine-tenths of 
the surrounding lands constituting the Great Basin of Tulare, which 
has not been estimated upon as a supply to the lake. And when we 
come to consider the immense amount of this underground drainage 
there will be gravitating towards this lake when, in the future, the 
one million acres of land lying to the east and south, and above it, 
are under irrigation as provided for in these estimates, it is reasona- 
ble to suppose that the lake's gain from underground sources will be 
greatly in excess of its loss through such cnannels, as indeed it 
doubtless is even now. Furthermore, the dyke, which it is proposed 
to construct across the swamp of the outlet channel, will by its 
weight consolidate the substrata of the swamp immediately under it, 
and diminish the loss of water by that route. 

50. No notice has been taken in the estimate of water supply which 

11 
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might be obtained from the creeks along the line of the canal. It 
must be remembered that, except in seasons when irrigation would 
not be urgently required over a large portion of the district, these 
creeks afford no reliable supply of water. Furthermore, the canal, 
as located, commands for irrigation lands not within the limits of 
the district — lands lying to the west of the canal, at points but suflS- 
ciently below the level of its waters when full to be irrigated by 
them. The waters from these creeks may be taken into the canal, as 
far as practicable, and disposed of for the purposes of irrigation to 
these lands. Doubtless a very material assistance to the w^ater supply 
might be derived from the catchment basins of the Coast Range 
drained by these creeks, but this could only be effected by the con- 
struction of reservoirs in the valleys of the drainage basins, for the 
storage of their waters, to be drawn off gradually as required. In 
the opinion of your engineer this subject is worthy of further con- 
sideration. 

51. The San Joaquin River is naturally a proper source of supply 
for a portion of the water necessary to irrigate the West Side District. 
As previously reported, and again alluded to in Appendix C, this 
source has, under your instructions — ^guided by the statute — not been 
taken into consideration in these estimates. The fifty cubic feet of 
water per second, spoken of in the statute as allowed the district 
from tnat source, is too trifling an amount to be considered. I have 
never received any instructions to inquire into the merits of the San 
Joaquin River as a source of water supply for the district^ and there- 
fore do not make any definite reference to the extent of its capabili- 
ties in that respect. 

CONCLUSION. 

While I do not wish to be understood as saying that Tulare Lake 
will afford an abundant, unfailing supply of water for the West Side 
District, I have no hesitancy in asserting that in my opinion the 
West Side lands may be irrigated with a degree of regularity wherein 
the failure of an abundant supply of water for the purpose will be 
of rare occurrence ; that Tulare Lake is the proper reservoir for the 
storage of water for such purpose, and, treated as a reservoir , is the 
source whence the chief supply should be derived. 
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San Francisco, March 26th, 1877. 

To the Honorable Board of Commissioners of the West. Side Irrigation 
District : 

Gentlemen : 1. In the course of a report and the appendices thereto, 
I submitted to you under date of February twenty-eighth, I had the 
honor of pointing out several complications encountered in plan- 
ning the engineering works contemplated by the statute under 
which your instructions to me were framed, and of suggesting certain 
modifications in the general plan of the scheme, whereby it was 
probable that the chief ends in view might be attained in a less 
expensive manner. 

2. The canal planned and estimated upon under the statute pro- 
vides for navigation from Tulare Lake to Antioch— the full length 
of the work — and for the irrigation of the entire district, as described 
in the statute. It will be remembered that four principal difficulties 
or complications were met with in the consideration of the project : 

First — The presence of the San Joaquin and King's River Canal 
Company's canal in the district as described, and commanding for 
irrigation about eighty thousand acres of the lands thereof. 

Second — The fact that, under the law, the proposed canal should be 
)lanned as a navigable channel as well as one to conduct water for 
rrigation purposes. 

Third — The fact that a large portion of the country between Bon- 
sall Creek and Antioch, constituting the northwestern end of the 
district, as described in the statute, for upwards of twenty miles of 
the length thereof, was found to present a configuration of surface 
Quite different from that of the district generally, which would ren- 
der the construction of a canal (particularly one for navigation as 
well as irrigation) exceptionally difficult and expensive. 
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Fourth — The fact that the reclamation of swamp lands around 
Tulare Lake, unless conducted upon a plan in harmony with those 
of the West Side Canal project, would interfere with the use of the 
lake as a reservoir in connection with this project. 

3. The first complication constitutes good reason for the reduction 
in the estimates of the area to be irrigated with water from Tulare 
Lake. The second presents the question as to whether it may be to 
the advantage of the district to make the canal one for irrigation and 
navigation, or for irrigation only. The third difficulty makes appa- 
rent the advisability of inquiring whether or not it may be to the 
advantage of the district to divert navigation, if any, from the canal 
at Bonsail Creek to the channel of Old River, and whether it may 
not be to the advantage of the greater portion of the district to modify 
its limits so as to leave out all of the lands below Bonsail Creek, or 
thereabouts. And the possibility of the fourth complication arising 
in the future, suggests the propriety of an inquiry into the engineer- 
ing means or methods whereby it may be averted. 

RECLAMATION. 

4. With respect to the difficulty presented by the latter subject, I 
have not felt myself called upon to project any plan of action ; for 
the reason that it more nearly concerns projects for engineering 
works foreign to those for the irrigation of the West Side lands, or 
the navigation of a canal constructed therefor. These two sets of 
works are different in their character, and have different objects in 
view. To effect their harmonious combination it would be necessary 
to bring into accord controlling interests outside of the district — I 
mean, of course, the reclamation interests outside of the district, 
around Tulare Lake — with the irrigation of the district itself. Fur- 
thernaore, an intelligent consideration of the subject would necessitate 
additional engineering field work, which, of course, has not been 
undertaken. It is the opinion of your engineer that these interests 
can be reconciled, and that steps should be taken to harmonize the 
engineering works of each with the other before any definite plan is 
adopted for either. 

5. The other questions at issue, however, being strictly within the 
province of your Board to inquire into, I have examined and now 
present several alternative general plans for the construction of a 
canal for the irrigation of the lands upon the west side of the San 
Joaquin. 

SAN JOAQUIN CANAL. 

6. Referring to the complication first nientioned, viz: the presence 
of the canal of the San Joaguin and King's River Canal and Irriga- 
tion Company within the district, commanding for irrigation eighty 
thousand acres of the lands thereof, and deriving its waters from the 
San Joaquin River, I have before expressed the opinion that the San 
Joaquin Kiver is a natural source of supply foir water for the 'irriga- 
tion of a portion of the lands of the district, as it is certainly the 
most accessible, and can most readily be brought upon those lands. 
While I am not prepared to say that the present constructed canal 
of the company might or could not be advantageously made a part 
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of the irrigation system of the district (not being sufficiently in- 
formed as to the value of the canal intrinsically, or its capabilities 
and worth as an engineering work), I am clearly of the opinion that 
were the subject of the irrigation of the West Side lands to be started 
entirely anew, and works to be planned therefor as in a new field, 
the San Joaquin River should be drawn upon for as much of the 
water required as it could furnish, a canal built therefrom to convey 
such waters upon the land, as far as they could be, and another canal 
constructed from Tulare Lake to command and supply water for the 
renaainder — the largest portion — of the lands. It is, therefore, but 
reasonable, in the opinion of your engineer, in the planning of any 
canal for the district, to draw its waters from Tulare Lake, not to 
provide therein for the watering of any lands already commanded 
by the canal now built from the San Joaquin River. 

THE NAVIGATION QUESTION. 

7. As to the navigation question: The engineering phase of the 
subject has been sufficiently discussed in former papers to show 
wherein the difficulties of combining navigation and irrigation canals 
exist, and, in general terms, why an irrigation channel may be made 
at much less expense, and managed with far less trouble, than one 
intended for navigation also. In this connection, before proceeding 
to an inquiry as to the cost of the several schemes, it only remains 
to state definitely that a channel correctly planned and located for 
the irrigation of this district could never in the future be converted 
into a canal admitting of convenient and economical navigation 
without great additional expense, making its ultimate cost far greater 
than if constructed for navigation also at first; for the alignment and 
grades of the irrigation work would properly be quite different from 
those projected for the canal already planned, particularly upon the 
lower portion of the work, and the changes necessary to make it 
navigable would be equivalent, upon much of the route, to building 
the work over again. 

The idea of constructing a cheap canal at first for irrigation only, 
and afterwards making it navigable, is not, as at first sight might 
appear, a very economical one. It may be that when the lands are 
irrigated the cost of a canal for navigation will not appear so great; 
but the actual outlay upon the system by that plan would, in the 
md, be far greater than if a navigation and irrigation canal had been 
built at the beginning of the work. A canal might be constructed 
for irrigation at first which could afterwards be made navigable at 
reasonable expense; but it would not be primarily a correct work as 
an irrigation canal, would not be very much cheaper than if it were 
made navigable at once, and the cost of making it so afterwards 
w^ould cause the ultimate expense to be materially greater than if 
made navigable in the first place. 

ALTERNATIVE PLANS. 

8. I present, in tabular form, the result of the estimates upon the 
jost of the proposed canal under the several general plans con- 
fldered. The figures representing the cost by the original plan, as 
ilready reported, are inserted in the table ; and, for the sake of com- 
parison, they are followed by those arrived at by an estimate of the 
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cost of constructing a canal for irrigation and navigation from Tulare 
Lake to BonsalFs and Old River, and providing, as did the original 
plan, under the statute, carrying capacity for water sufficient to irri- 

fate the eighty thousand acres of land now commanded by the Sau 
oaquin and King's River Company's canal. 
The second, third, fourth, fifth, and sixth alternative plans do not 

Erovide for the lands now commanded by the said company's canal, 
ut leave them to be watered by that canal with water taken from 
the San Joaquin River. 

The second alternative plan provides for the irrigation of the 
entire district, (with the exception of eighty thousand acres of land 
to be watered from the San Joaquin River, as above described,) and 
for navigation from Tulare Lake to Antioch. 

The third plan is for irrigation, as in the second, to near Antioch. 
but provides for navigation from the lake down to Bonsall's, ana 
thence, by a side channel about three miles in length, with locks, 
down to the Old River, near Mohr's Landing — so that the canal from 
Bonsall Creek to near Antioch would be only an irrigation ditch. 

The fourth plan terminates both irrigation and navigation at Bon- 
sail's and Old River, leaving all lands northwest of those points, 
towards Antioch, out of the district. 

The fifth plan provides for the irrigation of the lands, with the 
exception of the eighty thousand acres mentioned, to near Antioch. 

The sixth plan provides for irrigation only, with the exception 
noted for the four preceding, as far down as Bonsai I's — thus leaving 
out of the district all lands in Alameda and Contra Costa Counties, 
as the third alternative plan left them out while providing a canal 
for navigation also to the same point. By the two last plans the 
canal would not be navigable, and could not be made so without 
relocation and construction anew, almost, for the lower half of its 
route. It could be made navigable as far down as the Los Baiios 
Creek, so that in the future a navigable connection might be madd 
from the San Joaquin River to it at that point, or at a point higher 
up in its course — opposite Firebaugh's, for instance — and thus, if the 
river were navigable below the point of connection, the chain of 
navigation between the lake and tide-water would be complete. 
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9. The cost of the embankment across the osrerflow channel of t 
lake, and along King's River, with that of the overflow weirs in t 
same, is found to vary in the several estimates, according to t 
height it will be expedient to raise these structures to store the se 
era! quantities of water necessary in each case under the plan thereo: 

10. The cost of houses for employes varies, of course, with th( 
length of the channel to be guarded ; and, also, is greater for th< 
same length of channel in the case of a navigable canal, than in th^ 
case of one for irrigation only, because the former will require mort 
attendants. 

11. The terminal basin is not required at all for the canal intended 
for irrigation only. In the other instances, it is put at the sam^ 
figure as in the first estimate, though it is possible that its cost mighl 
be made materially less, or it might be dispensed with altogether ii 
Old River were made the point of connection with tide- water. 

12. It is by no means asserted that all of the figures here presented 
are as near correct as those of the original estimate, seeing that the 
work from which they result could not be conducted in the same 
detail, and with the same care which was bestowed upon the first 
plan. Nevertheless, they have been systematically arrived at, and! 
are sufficiently accurate for all the purposes of this report, viz ; to 
show the relative merits, from an economical standpoint, of the sev- 
eral plans. 

COMPARISON OF THE ESTIMATES. 

13. Upon comparison of these estimates three important points 
Stand prominently forth, namely: 

First — That a diminution of the size and capacity of the canal, 
commensurate with the reduction in the amount of water necessary 
to be brought forward, when we leave out of our calculations the 
lands now commanded by the canal of the San Joaquin and King's 
River Company, is not accompanied by a proportionate reduction in 
the cost of the work. 

Second — That the expense of constructing a canal for the irrigation 
of the lands of the district would be only about two-thirds of the 
probable cost of one suited for navigation also. 

Third — That the construction of tne canal, either as an irrigation 
ditch or as a navigable channel, beyond Bonsall Creek — that is, 
through the hills intervening between that creek and the irrigable 
lands m Contra Costa County — will necessitate a materially greater 
expenditure per acre commanded for irrigation in the district, than 
if the work were stopped at or about the creek mentioned, and navi- 
gation, if any, directed thence to the Old River channel. 

14. Comparing the estimate upon the original plan with that upon 
alternative plan number two, we find that by leaving out the eighty 
thousand acres now commanded by the San Joaquin Canal, the cost 
of the Tulare Canal project, as a navigable canal to Antioch, will be 
decreased in the aggregate about two hundred and thirty-two thousand 
dollars, but increased per acre commanded for irrigation by it from 
eight dollars and seventy-seven cents to nine dollars and ninety-one 
cents, or one dollar and fourteen cents per acre. And comparing the 
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ost of the work by the first with that by the fourth alternative plan, 
re find that in the case of a canal for navigation and irrigation from 
\ilare Lake to BonsalFs and Old River, leaving out of the calcula- 
ion the eighty thousand acres referred to, the cost of the work as a 
rhole is diminished about two hundred and twelve thousand dollars, 
lut is increased per acre commanded for irrigation by it from six 
lollars and seventy-eight cents to seven dollars and sixty-four cents, 
T eighty-six cents. Thus the first finding above mentioned is made 
ipparent. 

15. Comparing the second alternative with the fifth alternative 
)lan, as to cost, we find that an irrigation canal with its accessories 
;an probably be built to water all the lands in the district, except 
the eighty thousand acres, and a small strip at its lower end (which 
would be kept out on account of its grade being greater), for one 
million three hundred and fifty thousand dollars less than the canal 
for irrigation and navigation, with its accompaniments, to water all 
the lands iti the district (except the eighty thousand acres). And we 
find that the difference in cost per acre will be that between nine 
dollars and ninety-one cents and six dollars and seventy -three cents, 
or three dollars and eighteen cents per acre, in favor of irrigation 
without navigation. And again, comparing the result of the fourth 
with that of the sixth alternative plan, it becomes apparent that the 
irrigation and navigation canal to BonsalPs from Tulare Lake, with 
its immediate accessories, would necessitate the outlay of seven hun- 
dred and ninety-six thousand dollars more than the irrigation canal 
work, with like conditions; and that the cost per acre commanded 
for irrigation would be in the first instance seven dollars and sixty- 
four cents, and in the second five dollars and sixty-five cents, showing 
a difference of one dollar and ninety-nine cents per acre in favor of 
the purely irrigative scheme. The second finding heretofore given 
is the result of these comparisons; and, taken in connection with 
what has been said from a purely engineering standpoint, in former 
reports, is significant. 

16. Comparing the results of the original estimate with that arrived 
at upon alternative plan number one. it will be seen that to stop the 
work at Bonsall's and Old River, in the case of a navigable canal to 
water the lands now commanded by the old canal as well as the rest 
of the district, the sum of one dollar and ninety-nine cents per acre 
would be saved ; that is to say, if the work is to be constructed as a 
whole, and paid for by the district at large, all lands south of Bon- 
salPs will have an additional burden of one dollar and ninety-nine 
cents per acre imposed upon them by having the lands north of that 
point included in the district. And comparing alternative plans 
number two and number four, the diflference is found to be still 
greater, namely, two dollars and twenty -seven cents per acre against 
lands of the district in San Joaquin and counties south of it. And 
still again, in the case of the purely irrigation project, by comparing 
the fifth with the sixth alternative plan, as to cost, we see that the 
lands south of BonsalPs would suffer to tne extent of one dollar and 
^ight cents per acre by having those north of that point joined with 
them in the enterprise. 

12 
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REMARKS. 

17. It may be well to remark here that by leaving out the eigh 
thousand acres now commanded for irrigation by the San Joaqu 
Canal, the draught upon the lake will be very much decreased ; ai 
by leaving the lands below BonsalVs out of the district, there will ' 
another reduction in the amount of water to be drawn from t 
reservoir ; and still again, by abandoning the idea of making t 
canal navigable, there will be a further material saving in the qu 
tity of water required, so that the one thousand cubic feet per seco- 
of continuous flow, which, under the statute, may be taken from t 
lake, on the average of the year, would be quite sufficient for tx, 
purposes of the work, and the liability to a scarcity of supply at an; 
time will be greatly diminished. 

18. The irrigable lands of the district north from BonsalFs may 
watered to advantage with rainwater, caught and stored in the va 
leys of the adjacent mountains; though there doubtless would t 
seasons when the supply would be scant — as, for instance, the preseni 
year — still, if properly managed, the catchment area of hill lands i 
great enough to aflford a surplus of the known average rainfall suffi 
cient to irrigate the plains adjacent thereto. And my observation is 
that there is ample opportunity for storing these waters at reasonable 
expense. 

19. The estimates so far presented are for the engineering and the, 
construction of the main works only. A complete outline system of 
irrigation — the portion of the work which should be constructed in 
common by a district, as a whole — would include the planning and 
construction of the primary ditches and main drains of the district. 
It should be remembered also that there will be a property damage 
to pay, for right of way, and there will be also the expense of the 
business management of the affairs of the district throughout the 
period of construction to be provided for. 

CONCLUSION. 

The conclusions I arrive at are as follows : 

First — The matter of reclamation (as per paragraph 4), in connec- 
tion with this irrigation scheme, shoula be further examined into 
before any definite plan is adopted. 

/Second— The lands of the district which may be watered from the 
San Joaquin River with certainty should not be irrigated with water 
from Tulare Lake. 

Third — The district should not extend north or west of the line 
between San Joaquin and Alameda Counties. 

Fourth — The canal should be one for irrigation, and not for naviga- 
tion. 

All of which is respectfully submitted. 

WM. HAM. HALL, 

Chief Engineer. 
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San Francisco, Cal., April 12th, 1877. 

To J, jK. McDonald, Francis Williams^ and Henry de Veuve, Commis- 
sioners of the West Side Irrigation District, 

Gentlemen : I have carefully examined the supplemental report 
of your engineer, Wm. Hammond Hall, dated March twenty -sixth, 
eighteen hundred and seventy-seven, in relation to the irrigation oi 
the lands of the West Side District, and of several complications 
which the further study of the subject presented for consideration, 
leading to the suggestion that several alternate plans might be 
adopted. I have carefully studied these alternate plans, and am 
clearly of the opinion that, under existing circumstances, the plan of 
building a canal for irrigation alone, pure and simple, leaving out of 
consideration entirely all idea of navigation, is the one that should 
be adopted. Whether such canal should stop at BonsalFs (as in Plan 
No. 6), or be continued on to Antioch (as in Plan No. 5), is a subject 
that may be left for future investigation. 

This idea of making the West Side Canal for irrigation alone is a 
conclusion at which I had arrived in my own mind, as will be seen 
by the concluding portion of my letter to you of March first, eighteen 
hundred and seventy-seven ; but the reasons in favor of this conclu- 
sion, as presented in a more elaborated form in the supplemental 
report of your engineer, are much more conclusive and convincing 
than I then supposed. 

The problem will be greatly simplified by this change. 

The works will be much less expensive, and the cost per acre of 
irrigated land will be less. 

By drawing water from the San Joaquin River to irrigate a portion 
of the land on the West Side, as through the present San Joaquin and 
King's River Canal Company's canal, and its probable future exten- 
sion, the amount of water required to be taken from Tulare Lake will 
be greatly reduced, and the scheme of the West Side irrigation pro- 
ject, and that of the reclamation projects of overflowed lands around 
this lake, may be harmonized — a very important consideration — as it 
avoids a conflict of important interests ; for it is manifest if we require 
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so much water for the irrigation of the West Side to be drawn from 
Tulare Lake as to render it necessary to hold the water of that lake 
at a higher level than nature has placed it, such a scheme will te 
directly in conflict, and would be opposed by all the reclamation 
interests around that lake. But, if we reduce the permanent level of 
the water in the lake by drawing it oflF for irrigation purposes, we will 
be benefiting reclamation by the works of irrigation, thereby bring- 
ing into sympathy these two apparently opposing interests. 

In this connection, it may be well to remember that Tulare Lake, 
in fact, all of the lakes — Tulare, Buena Vista, and Kern — are being 

fradually silted up by sediment brought down into them by King's 
t<iver, Kern River, and the smaller streams flowing into them ; also, 
by the wash from the surrounding plains ; the sediment from the 
latter being deposited mostly near the shores, thus gradually decreas- 
ing the extent of the lakes. This process will be much hastened by 
the cultivation of the^idjacent lands. 

Much of the sediment of the large rivers is carried out into the 
body of these lakes and there deposited, thus gradually raising their 
bottoms and decreasing their depth. 

In time, perhaps a long time, however, these lakes will become 
entirely filled, and there will then be a continuous river from the 
Kern River, through the sites of the present lakes, to the great bend 
of the San Joaquin (with King's River a tributary on the eastern 
side), and from tnence down the San Joaquin River to its confluence 
with the Sacramento River at the Straits of Carquinez. 

This should teach us in our works of to-day, whether they be for 
irrigation, reclamation, or drainage, never to try and oppose the great 
work which Nature has laid out for herself and is rapidly executing 
in this valley. 

The difficulty in irrigating the lands on the West Side, at ,the 

f)resent time, is the circumstance that the people are poor, and the 
ands themselves are not sufficiently valuable to pay for the works 
necessary for their own irrigation. 

To present the difficulty in a practical shape we observe that, 
according to alternative plan numoer six of your engineer, the cost 
of an irrigating canal from Tulare Lake to Bonsairs would be two 
million one hundred and twenty-four thousand dollars; and the 
amount of land commanded by such canal would be three hundred 
and seventy-five thousand acres; the cost per acre for building the 
canal would be five dollars and sixty-five cents. 

Now, according to experience in other countries, the cost of pri- 
mary ditches, and other channels necessary to lead the water from 
the main canal to the land to be irrigated, will be about the same as 
the cost of the main canal itself, or two million one hundred and 
twenty-four thousand dollars, or five dollars and sixty-five cents per 
acre; so that we have the total cost of the works of irrigation, four 
million two hundred and forty-eight thousand dollars, or eleven 
dollars and thirty cents per acre. The case would then stand about 
as follows : 

Before irrigation — 375,000 acres, average value say $3 $1,125,000 

Cost of irrigating works $4,248,000 

Deduct value of irrigated land 1,125,000 

Excess of cost of irrigated over present value of unir- 
rigated land $3,123,000 
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But the value of this land, when once irrigated, will certainly be 
ten times its present value, or thirty dollars per acre, instead of three 
dollars, or eleven million two hundred and fifty thousand dollars, 
and its prospective value will be still greater. So that we have : 

Value of unirrigated land : $1,125,000 

Cost of works for irrigation 4,248,000 

Total . $5,373,000 

Value of land when irrigated 11,250,000 

What ought to be done? It is hardly the province of an engineer 
to say ; the question properlj'' belongs to the Legislature of the State. 
It is plain, however, that as the increased value of the land, after 
irrigation, will be some ten million dollars, that the taxable property 
of the Stat« will be increased to that extent, so that the State will be 
safe in assuming a very important part in seeing that the necessary 
works be properly and" expeditiously executed. If she even assumes 
and pays the interest on the bonds for a certain number of yearS, or 
until the land is able to pay them, she would still be safe, for the 
increased revenue to the State from the increase in the value of the 
lands after irrigation would eventually reimburse her treasury, by 
increased taxes, for the outlay. 

The framing of a proper law, by which the State may safely loan 
her credit for a limited number of years, and see that this work is 
carefully, economically, and safely executed, is worthy the considera- 
tion of her wisest and best men. 

I The irrigation of the West Side is only one of many projects for 
!irrigation that will shortly come before the State for legislation ; but 
it may be remarked that it is one that is now, perhaps, better under- 
istood than any other. It is a case, too, somewhat different from all 
others, for water, at the present elevation, is difficult to obtain on the 
West Side, whereas water is. abundant on the entire eastern side of 
the valley of California — from Feather River to Kern River — and it 
can be obtained at the necessary elevation to irrigate all the lands on 
ihe eastern side of the valley, from the base of tne mountains to the 
bottom of the " dish" of the basin. 

Whatever may be the general legislation on the subjects of other 
projects, sufficient is now known in relation to the West Side to 
enable the Legislature of California to frame such clear and simple 
ilaws on the subject as will insure the speedy irrigation of that side ; 
jand, with the assurance, at the same time, that no other irrigable 
land in the valley will be injured thereby, and no overflowed land, 
whether around Tulare Lake or in the swamps below, will be damaged. 

And in reference to those other projects for irrigation, it may be 
remembered that the State should, at all times, retain the power, and 
exercise it whenever necessary, to bring into harmony the three 
essentials of irrigation in California — ^^irrigation, reclamation, and 
proper drainage. 

Very respectfully, your obedient servant, 

B. S. ALEXANDER, 
Lieut. Col, Engineers, Bre^t Brig. Gen. U. S. A. 



CHAPTEE CCCCXOI. 

AN ACT TO CREATE AN IRRIGATION DISTRICT, TO BE CALLED THE WESi 

SIDE IRRIGATION DISTRICT. 

[Approved April 3, 1876.] 

The People of the State of California, represented in Senate and Assembly^ 

do enact as follows : 

Section 1. All that certain territory situated in the Counties o 
Contra Costa, Alameda, San Joaquin, Stanislaus, Merced, Fresno, and 
Tulare, and bounded as follows, viz: On the west by a line com- 
mencing at the point of intersection of the main canal hereinafter 
mentioned with the westerly shore of Tulare Lake; running thenc€ 
northwesterly along the foothills of the Diablo range of mountains 
on the westerly bank of said canal, as finally located, to its intersec- 
tion with the shore of Suisun Bay, at or near Antioch; and northerlj 
and easterly by a line commencing at said point of intersection o 
said bay, and running thence southerly and easterly along the segre 
gation line between the swamp and overflowed lands and nigh land 
lying westerly from the San Joaquin, Fresno Slough, and King' 
Kiver, to a point about twelve miles westerly of Lake Tulare ; thenc 
westerly to the east bank of said canal, as finally located ; and thenc 
easterly along said east bank to Tulare Lake, the place of beginnin^ 
is hereby created an irrigation district, to be called the West Sid 
Irrigation District, for the purpose of providing for the irrigation o 
the land lying in said district, and furnishing the means of trans 
portation, by a canal to be constructed from Tulare Lake on th 
south, and extending northerly along the foothills of the Diablo 
range of mountains to a point on the south shore of Suisun Bay 
Said district shall consist of five divisions: The portion thereo 
within the County of Contra Costa shall constitute the first division 
the portion within the Counties of San Joaquin and Alameda, th( 
second division; the portion within the County of Stanislaus, thj 
third division; the portion within the County of Merced, the fourtr 
division; and the portion south of Merced County, the fifth division 

Sec. 2. Within ten days after the passage of this Act, the Gov 
ernor shall appoint five Commissioners, one of whom shall be a resi 
dent of each division of said district, to perform the duties hereii 
prescribed until their successors are elected and qualified. Thej 
shall each forthwith take and subscribe the official oath, and file th( 
same in the office of the Secretary of State. They shall meet a 
Grayson, in the County of Stanislaus, at which place the offices o 
all the officers elected under this Act shall be kept, organize as i 
BoarcL which shall be called Board of Commissioners of the "Wes 
Side Irrigation District," elect a President from their number, anc 
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lippoint a Secretary, adopt a seal, and shall keep a record of their 
roceedings. The Board shall then proceed to locate said canal on 
pe best practicable line from a point to be selected by the Board, on 
pe west shore of Tulare Lake, along the foothills of the Diablo range 
If mountains, to some point on the south shore of Suisun Bay, and 
hall retain a map of such location in their office, and file a copy in 
te office of the Secretary of State. In locating the canal, the Board 
iaay employ engineers, who shall survey and plat on said map the 
jxterior lines of the district, and the exterior lines of the several 
livisions of the district. 
Sec. 3. An election shall be held in the district on the first Tues- 

fiy in May, eighteen hundred and seventy-seven, and on the first 
uesday in May of each second year thereafter, at which an Assessor, 
Tax Collector, and a Treasurer, and five Commissioners for the dis- 
ict, shall be elected. Not more than one of said Cornmissioners 
all be a resident of the same subdivision of said irrigation district. 
e qualified electors of said district may vote at all district elec- 
ons in the division where they reside. The person receiving the 
hest number of votes for any office to be filled at such election is 
ected thereto. If at any election two or more persons receive an 
ual and the highest number of votes, there is no choice, and a 
fecial election to fill the office must be ordered by the Board of 
ommissioners. Said officers shall serve for one year from the first 
'uesday in June succeeding their election, and until their successors 
re elected and qualified. Within ten days after receiving their cer- 
ificates of election, hereinafter provided for, they shall take and 
jjbscribe the official oath, and file the same in the office of the Board 
* Commissioners. Officers elected at special elections shall hold 
eir office until the next regular election, and until their successors 
e elected and qualified. The Assessor shall execute an official bond 
the sum of ten thousand dollars, and the Tax Collector an official 
nd in the sum of fifteen thousand dollars, and the District Treas- 
r-er an official bond in the sum of fifty thousand dollars, to be 
bproved by the Board of Commissioners; and each of said Com- 
pissioners shall execute an official bond, with at least two sufficient 
iireties, in the sum of at least twenty-five thousand dollars each, 
ffhich said bond shall be approved by the Governor and filed in the 
office of the Secretary of State. Said bonds shall be in the form pre- 
ribed by law for the official bonds of county officers; provided, that 
e first election shall be held within sixty days after the passage of 
is Act, and the officers elected at such election shall qualify within 
days after receiving their certificates of election, and shall hold 
eir office until their successors are elected and qualified; and jyro- 
^edj that at said first election the ballots shall contain, in addition 
the names of the persons to be voted for, the words "Tax — Yes," 
"Tax — No." If a majority of those voting on the question of said 
X vote "Tax — No," the Board of Commissioners shall so proclaim 
and no further proceedings shall be had under this Act; but if a 
ajority of those so voting shall vote "Tax — Yes," this Act shall be 
letned to have been accepted by the people of said district, and the 
)ard of Commissioners snail proceed as herein provided. 
Sec. 4. The Board of Commissioners must establish a convenient 
imber of elective precincts in each division of the district, and 
fefine the boundaries thereof, and may from time to time change the 
pundaries of, create new, or consolidate established precincts. 
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Sec. 6. Fifteen days before any election held under this Act, th( 
Secretary of the Board of Commissioners shall cause notices to b 
posted in three public places in each election precinct of the tinn 
and place of holding the election, and shall also post a general notia 
of the same, specifying the polling-places of each precinct, in th( 
oflSce of the Bop,rd. Prior to the time for posting the notices, th< 
Board must appoint for each precinct, from the electors thereof, on( 
Inspector and two Judges, who shall constitute a Board of Electioi 
for such precinct. If the feoard fail to appoint a Board of Election 
or the members appointed do not attend at the opening of the poll 
on the morning of the election, the electors of the precinct presen 
at that hour may appoint the Board, or supply the place of an absen 
member thereof. The Board must, in its order appointing Boards o 
Election, designate the house or place within the precinct where th< 
election must be held. 

Sec. 6. The Inspector is Chairman of the Election Board, an( 
may: 

First — Administer all oaths required in the progress of an election 

Second — Appoint Judges and Clerks, if, during the progress of th( 
election, any Judge or Clerk ceases to act. 

Any member of the Board, or any Clerk thereof, may administei 
and certify oaths required to be administered during the progress o 
an election. The Board of Election for each precinct must, befo 
opening the polls, appoint two persons to act as Clerks of Electio 
Before opening the polls, each member of the Board and each Cler 
must take and subscribe an oath to faithfully perform the duti 
imposed upon them by law. Any elector of the precinct may admin 
ister and certify such oath. The polls must be opened at one ho^ 
after sunrise on the morning of the election, and must be kept ope: 
until sunset, when the same must be closed. The provisions of th 
Political Code concerning the registration of electors, and the fori] 
of ballots to be used at elections, shall not apply to elections hel 
under this Act. 

Sec. 7. Voting may commence as soon as the polls are openec 
and may be continued during all the time the polls remain opened 
and shall be conducted as nearly as practicable in accordance witl 
the provisions of Chapter Nine of Title Two of Part Three of thl 
Political Code of this State. As soon as the polls are closed, th 
Judges shall open the ballot-box and commence counting the votes 
and in no case shall the ballot-box be removed from the room i| 
which the election is held until all the ballots are counted. Th 
counting of ballots shall in all cases be public. The ballots shall q 
taken out one by one by the Inspector or one of the Judges, w^h 
shall open them and read aloud the names of each person contain^ 
therein, and the oflBce for which every such person is voted foi 
Each Clerk shall write down each office to be filled and the name i 
each person voted for for such office, and shall keep the number ( 
votes by tallies, as they are read aloud by the Inspector or Judg 
The counting of votes shall be continued without adjournment untj 
all are counted. j 

Sec. 8. As soon as all the votes are read ofl* and counted, a certii 
cate shall be drawn up on each of the papers containing the poll lii 
and tallies, or attached thereto, stating the number of votes each pei 
son voted for has received, and designating the office to fill which 1 
was voted for, which number shall be written in words at the fu 
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engih. Each certificate shall be signed by tlie Clerks, the Judges, 
md the Inspector. One of said certificates, with the poll list and 
he tally paper to which it is attached, siiall be retained by the 
inspector, and preserved by him at least six months. The ballots 
hall be strung upon a cord or thread by the Inspector, during the 
ounting of the ballots, in the order in which they are entered upon 
he tally list by the Clerks ; and said ballots, together with the otner 
if said certificates, with the poll list and tally paper to which it is 
ittached, shall be sealed by the Inspector in the presence of the 
fudges and Clerks, and indorsed " Election Returns, and be directed 
md delivered or sent by the Inspector to the Secretary of the Board 
ff Commissioners, and the ballots shall be kept for at least six 
Donths; and if any person be of the opinion that the vote of any 
ffecinct has not been correctly counted, he may appear on the day 
ippointed for the Board to open the returns, and demand a recount 
t the vote of the precinct that is so claimed to have been incorrectly 
ounted. 

[Sec. 9. No list, tally paper, or certificate returned from any elec- 
jion must be set aside or rejected for want of form, if it can be satis- 
ktorily understood. The Board of Commissioners must meet at its 
isual place of meeting on the first Monday after each election, to 
anvass the returns. If, at the time of meeting, the returns from each 
irecinct in the district in which the polls were opened have been 
eceived, the Board must then and there proceed to canvass the 
feturns; but if all the returns have not been received, the canvass 
ftust be postponed from day to day until all the returns are received, 
r until six postponements have been had. The canvass must be 
lade in public, and by opening the returns and estimating the vote 
f the district or division, for each person voted for, and declaring 
ke result thereof. 

Sec. 10. The Secretary of the Board must, as soon as the result is 
bclared, enter on the records of such Board a statement of such 
esult, which statement must show: 
I First — The whole number of votes cast in the district. 
! Second — The names of the persons voted for. 
' Third — The office to fill which each person was voted for. 
' Fourth — The number of yotes given at each precinct to each of 
iich persons. 

Fifth — The number of votes given in the district to each of such 
tersons. 

iThe Board must declare elected the person having the highest 
hmber of votes given for ieach office to be filled by the votes of the 
Istrict, or of a division thereof. The Secretary must immediately 
lake out and deliver to such person a certificate of election, signed 
t him and authenticated with the seal of the Board. In case of a 
kcancy in the office of Assessor, Tax Collector, Treasurer, or Com- 
lissioner, the Board must ordera special election to fill such vacancy. 
btice of such election must be given in the same manner as is 
fovided for regular elections, and the officer so elected shall hold 
is office until the next regular election, and until his successor is 
beted and qualified. . '' 

iSe'c. 11. On the first Tuesday in June ensuing their election the 
bmmissioners shall meet and organize as a Board, elect a President 
bm their number, and. appoint a Secretary. The Board must 
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manage and conduct the business and affairs of the district, maid 
and execute all necessary contracts, employ'' and appoint such agenfe 
officers, and employes as may be required, and prescribe their duti« 
fix the rates of toll on the canal, the price of water for irrigation am 
other purposes, establish equitable by-laws, rules, [and] regulation 
for the distribution and use of water among owners of said lands, am 
generally perform all such acts as shall be necessary to fully carr 
out the objects and purposes of this Act. The said by-laws, rulei 
and regulations, rates of toll, and price of water for irrigation am 
other uses, must be printed in convenient form for distribution i 
the district; provided^ that the Commissioners elected at the fi 
election shall meet and organize as a Board, elect a President fro 
their number, and appoint a Secretary, within ten days after receivin 
their certificate of election. 

Sec. 12. The Board shall hold a regular monthly meeting, in thei 
office, on the first Tuesday of each month. Three members of th 
Board shall constitute a quorum for business, but on all question 
requiring a vote there shall be a concurrence of three members c 
said Board. All records of the Board shall be open to the inspectioi 
of any elector during business hours. The Board shall have th 
right to enter upon any land in the district to make surveys, and ma; 
locate said canal and the necessary branches of the same on an 
of said lands which may be deemed best for such location. It sha^ 
also have the right to acquire all lands, waters, and other propert 
necessary for the construction, use, supply, maintenance, repair, an 
improvement of said canal and works, including canals and worl 
constructed and being constructed, lands for reservoir, tide or branc 
canals, wharves, docks, and basins, and other works necessary for tt 
protection and accommodation of boats navigating the canal, and fc 
ways for the discharge or use of surplus water, either by purchase ( 
condemnation; and in case of purchase the bonds of the distric 
hereinafter mentioned, may be used at their par value in paymen 
and in case of condemnation, the Board shall proceed under tl 
provisions of Title Seven of Part Three of the Code of Civil Procedur 

Sec. 13. The legal title to all property acquired under the provii 
ions of this Act shall immediately, and by operation of law, vest i 
the State of California, and shall be held by said State in trust for, an 
is hereby dedicated and set apart to, the uses and purposes set fort 
in this Act. And said Board is hereby authorized and empowere 
to hold, use, acquire, manage, occupy, and possess said property 
herein provided. And said Board is fully authorized and empower 
to use the name of the State of California in any action or proceedin 
and to institute, carry on, and maintain, in the name of said Boar 
any action or proceeding which could be instituted, maintained, 
carried on by said State in regard to said property ; and in any su 
action or proceeding brought in the name of said Board of Commi 
sioners, the same shall proceed and be determined, in all respects, 
though said Board were the legal owner of said property; provid 
that m no case shall the State become liable for any cost incurred 
such actions. In no event shall the State of California be liable 
in any way responsible for any debt or liability incurred by the ir 
gation district herein provided for. 

Sec. 14. The said Board is hereby authorized and empowered 
take conveyances or other assurances for all property acquired bv 
under the provisions of this Act, in the name of the State of Caliio 
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lia, to and for the uses and purposes herein expressed, and to institute 
ind maintain any and all actions and proceedings, suits at law or in 
quity, necessary or proper, in order to fully carry out the provisions 
(f this Act, or to enforce, maintain, protect, or preserve any and all 
ights, privileges, and immunities created by this Act or acquired in 
pursuance thereof ; and in all Courts, actions, suits, or proceedings, 
he said Board may sue, appear, and defend in person, or by attor- 
teys, and by the name and style of Board of Commissioners of the 
^est Side Irrigation District. 

Sec. Ie5. The Board may construct the necessary dams, reservoirs, 
md works, to collect water for said district, and for the purposes 
pecified in this Act; and one thousand cubic feet per second of the 
^ater of Tulare Lake, and fifty cubic feet per second of the water of 
he San Joaquin River, and as much more of the water of said San 
loaquin River as may not at any time be otherwise appropriated ; and 
he right to take, direct, and use the same for said purpose, is herebj^ 
[ranted, dedicated, and set apart, and said Board is hereby author- 
ed to apply to the Congress of the United States for a grant, and 
r the passage of a law confirming to the State of California, for 
e purposes aforesaid, all the rights, and privileges, and property 
hentioned in this Act; provided^ however j tneit nothing in this Ac't 
jontained shall be construed so as to interfere with any vested water- 
ight already acquired by any person or persons, natural or artificial, 
fr any approprialfions already made for any water of Tulare Lake or 
i the San Joaquin River. 

i Sec. 16. For the purpose of constructing said canal and works, 
bd acquiring the necessary property and rights therefor, and otlier- 
fise carrying out the provisions of this Act, the Board of Commis- 
loners is hereby authorized to issue and sell the bonds of said district 
n an amount not exceeding the sum of four million dollars, payable 
|i twenty years, in gold coin of the United States, bearing interest at 
he rate of eight per cent, per annum, payable semi-annually on the 
Irst day of January and July of each year. The principal and inter- 

Et shall be payable at the office of the Treasurer of the State of Cali- 
mia. Said bonds shall each be payable in the sum of five hundred 
lollars, shall be signed by the President and Secretary, and the seal 
H the Board shall be affixed thereto. They shall be numbered con- 
secutively as issued, and bear date at the time of their issue. Coupons 
br the interest shall be attached to each bond, signed by the Secre- 
IHry. Said bonds shall express on their face that they are issued by 
iothority of this Act, stating its title and date of approval. 
I Sec. 17. The Secretary shall keep a record of the bonds sold, their 
pmber, the date of sale, the price received, and the name of the 
brchaser; provided, that nothing in this Act shall be so construed 
i to render the State liable for tne payment of said bonds. 
Sec. 18. The Board may sell said bonds from time to time, in such 
antities as may be necessary to raise money for the construction 
said canal and works, the acquisition of said property and rights, 
d otherwise to fully to carry out the' objects and purposes of this 
ct. Before making any sale the Board shall, at a meeting, by reso- 
tion declare its intention to sell a specified amount of the bonds, 
id the day, and hour, and place of such sale, and shall cause such 
solution to be entered in the minutes, and notice of the sale to be 
ven by publication thereof, at least twenty days, in a daily news- 
^per published in each of the Cities of San Francisco, Sacramento, 
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and Stockton, and in any other newspaper at their discretion. Tb 
notice shall state that sealed proposals will be received by the Bean 
at their office, for the purchase of the bonds, till the day and hou 
named in the resolution. At the time appointed the Board sha] 
open the proposals, and award the purchase of the bonds to the higl 
est responsible bidder, and may reject all bids. The Board may sel 
bonds at not less than their par value, without notice as herein pre 
vided; provided, that no bonds shall be sold for a less sum tha; 
ninety cents on the dollar. The proceeds of the sale of bonds, to b 
called the "Construction Fund," shall be deposited with and be safe! 
kept with the Treasurer of the State, and paid out only as hereir 
after provided, but the State shall not be liable for the payment ( 
any of said bonds; but the first five hundred thousand dollars of sai 
bonds may be sold at a sum not less than seventy-five cents on th 
dollar. 

Sec. 19. Said bonds and the interest thereon shall be paid by 
revenue derived from an annual tax upon the property in the dii 
trict, and all the property in the district shall be and remain liabl 
to be taxed for such payment as hereinafter provided. 

Sec. 20. The Assessor must, between the first Monday in Marc 
and the first Monday in June, in each year, ascertain the names c 
all taxable inhabitants and all property in the district subject to taxs 
tion, and must assess such property to the persons who own, claia 
have the possession or control thereof, at its full cash value. H 
must prepare an assessment book, with appropriate headings, i 
which must be listed all property within the district, in which mui 
be specified, in separate columns, under the appropriate head; pr 
vided, that for the year eighteen hundred and seventy-six the Assessc 
shall have until the first Monday in July in which to make tl 
assessment: 

First — The name of the person to whom the property is assesse 
If the name is not known to the Assessor, the property shall I 
assessed to "unknown owners." 

Second — Land by township, range, section, or fractional sectioj 
and when such land is not a congressional division or subdivisioi 
by metes and bounds, or other description suflScient to identify i 
giving an estimate of the number of acres, locality, and the improve 
ments thereon. 

Third — City and town lots, naming the city or town, and the nun 
ber, block, according to the system of numbering in such city < 
town, and improvements thereon. 

Fourth — All personal property, showing the number, kind, amoun 
and quality; but a failure to enumerate in detail such personal pro] 
erty does not invalidate the assessment. 

Fifth — The cash value of real estate, other than city or town lots 

Sixth — The cash value of improvements on such real estate. 

Seventh — The cash value of city and town lots. 

Eighth — The cash value of improvements on city and town lots. 

Ninth — The cash value of improvements on real estate assessed 
..persons other than the owners of the real estate. , . 

Tenth— ^he cash value of all personal property, exclusive Of mone: 

Eleventh — Amount of money. 

Twelfth— "^hQ total value of all property. 

Thirteenth — The total value of all property after equalization t 
the Board of Commissioners. 
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Fourteenth — Such other things as the Board of Commissioners may 
equire. 

Sec. 21. The Board of Commissioners must allow the Assessor so 
aany deputies, to be appointed by him, as will, in the judgment of 
he Board, enable him to complete the assessment within the time 
lerein prescribed. The Board must fix the compensation of such 
[eputies, which shall be paid out of the treasury of the district. The 
ompensation must not exceed five dollars per day for each deputy, 
or the time actually engaged, nor must any allowance be made but 
or work done between tne first Monday in March and the first Mon- 
lay in August of each year. 

Sec. 22. On or before the first Monday in August in each year the 
Assessor must complete his assessment book, and deliver it to the 
Jecretary of the Board, who must immediately give notice thereof, 
ind of the time the Board of Commissioners, acting as a Board of 
Equalization, will meet to equalize assessments, by publication in a 
lewspaper published in each of the counties comprising the district. 
Hie time nxed for the meeting shall not be less than twenty nor 
bore than thirty days from the first publication of the notice; and, 
b the meantime, the assessment book must remain in the office of 
the Secretary for the inspection of all persons interested. 

Sec. 23. Upon the day specified in the notice required by the pre- 
ceding section for the meeting, the Board of Commissioners, which 
[s hereby constituted a Board of Equalization for that purpose, shall 
ineet and continue in session from day to day, as long as may be 
becessary, not to exceed ten days, exclusive of Sundays, to hear and 
leterniine such objections to the valuation and assessment as may 
pme before them ; and the Board may change the valuation, as may 
be just. The Secretary of the Board shall be present during its ses- 
sions, and note all changes made in the valuation of property, and 
n the names of persons whose property is assessed ; and within ten 
lays after the close of the session he shall have the total values, as 
inally equalized by the Board, extended into columns, and added up. 

Sec. 24. The Board of Commissioners shall then levy a tax sum- 
pient to raise the annual interest on the outstanding bonds ; and at 
|the expiration of ten years after the issuing of the bonds by the 
Board must increase said tax, for the ensuing ten years, in the fol- 
lowing percentage of the principal of the whole amount of bonds 
.then outstanding, to wit: For the eleventh year, five per cent.; for 
Ithe twelfth year, six per cent.; for the thirteenth year, seven per cent.; 
for the fourteenth year, eight per cent.; for the fifteenth year, nine 
per cent.; for the sixteenth year, ten per cent.; for the seventeenth 
year, eleven per cent: for the eighteenth year, thirteen per cent.; for 
Ihe nineteenth year, fifteen per cent.; and for the twentieth year, a 
percentage sufficient to pay oS* said bonds. The Secretary of the 
feoard must compute, and enter in a separate money column in the 
assessment book, the respective sums in dollars and cents to be paid 
as a tax on the property therein enumerated. When collected, the tax 

Shall be paid into tne State treasury, and shall constitute a special fund, 
, be called the " Bond Fund of the West Side Irrigation District." 
1 Sec. 25. The tax due upon real property is a lien against the 
[property assessed, and the tax due upon the personal property is a 
Jien upon the real property of the owner thereof, from and after the 
[time the same becomes delinquent; and such lien is not removed 
imtil the taxes are paid, or the property sold for the payment thereof 
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Sec. 26. On or before the first daj' of JTovember, the Secretarj 
must deliver the assessment book to the Tax Collector of the districi 
who shall, within twenty days, publish a notice in a newspaper pub 
lished in each of the counties comprising the district, that said taxe 
are due and payable, and will become delinquent on the thirty-tir 
day of December next thereafter ; and that unless paid prior theret 
three per cent, will be added to the amount thereof, and also th 
time and place at which payment of taxes may be made. The noti 
shall also specify a time and place within each division of the disi 
trict, when and wete the Collector will attend to receive payment ol 
taxes, and shall be published for fifteen days, and printed, copies oi 
said notice shall be posted for the same time in three public place 
in each division. The Tax Collector must attend at .the time auc 
place specified in the notice, to receive taxes, which must be paid h 
gold and silver coin ; he must mark the date of the payment of an] 
tax in the assessment book, opposite the name of the person paying 
and give a receipt to such person, specifying the amount of the assess- 
ment and the tax paid, with a description of the property assessed 
On the thirty-first of December of each year all unpaid taxes are 
delinquent; and thereafter the Tax Collector must collect thereon 
for the use of the district, an addition of three per cent. 

Sec. 27. On or before the first day of February, the Tax Collectoi 
must publish the delinquent list, which must contain the names ol 
the persons and a* description of the property delinquent, and tW 
amount of the taxes and costs due, opposite each name and descrip^ 
tion, with the taxes due on personal property added to the taxes on 
real estate, where the real estate is liable therefor, or the several taxes 
are due from the same person. He must append and publish wit! 
the delinquent list a notice, that unless the taxes delinquent, togethe 
with the costs and percentage, are paid, the real property upon which 
such taxes are a lien will be sold at public auction. The publication 
must be made once a week for three successive weeks, in a newspaper 
published in each of the counties comprised ip the district. Th€ 
publication must designate the time and place of sale. The time oi 
sale must not be less than twenty-one nor more than twenty-eight 
days from the first publication, and the place must be at some point 
designated by the Tax Collector in the subdivision in which the 
property is situated. 

Sec. 28. The Collector must collect, in addition to the taxes due 
on the delinquent list, and three per cent, added thereto, fifty cents 
on each lot, piece, or tract of land, separately assessed, and on each 
assessment of personal property, one-half of which must go to the 
district, and the other to the Collector, in full for preparing the list. 
On the day fixed for the sale, or some subsequent day to which he 
may have postponed it, of -which he must give notice, the Collector, 
between the hours of ten o'clock a. m. and three p. m., must com- 
mence the sale of the property advertised, commencing at the head 
of the list, and continuing alphabetically, or in the numerical order 
of the lots or blocks, until completed. He may postpone the day of 
commencing the sales, or the sale,, from day to day; but the sale 
must be completed within three weeks from the day first fixed. 

Sec. 29. The owner or person in possession of any real estate 
offered for sale for taxes due thereon may designate, in writing, to 
the Tax Collector, prior to the sale, what portion of the property he 
wishes, sold, if less than the whole; but if the owner or possessor 
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loes not, then the Collector may designate it, and the person who 
rill take the least quantity of the land, or in ease an undivided 
nterest is assessed, then the smallest portion of the interest, and pay 
lie taxes and costs due, including two dollars to the Collector for the 
luplicate certificate of sale, is the purchaser. If the purchaser does 
lot pay the taxes and costs before ten o'clock a. m. the following day, 
he property, on next sale day, before the regular sale, must be resold 
or the taxes and costs. After receiving the amount of the taxes and 
tosts, the Collector must make out, in duplicate, a certificate, dated 
m the day of sale, stating (when known) the name of the person 
assessed, a description of the land sold, the amount paid therefor, 
liat it was sold for taxes, giving the amount and the year of the 
assessment, and specifying the time when the purchaser will be enti- 
ced to a deed. The certificates must be signed by the Collector, and 
me copy delivered to the purchaser and the other filed in the office 
rf the County Recorder. 

Sec. 30. The Collector, before delivering any certificate, must, in 
I book, enter a description of the land sold, corresponding with the 
description in the certificate, the date of sale, purchaser's name, and 
Amount paid; regularly number the descriptions on the margin of 
the book, and put a corresponding number on each certificate. Such 
book must be open to public inspection, without fee, during office 
hours, when not in actual use. On filing the certificate with the 
County Recorder the lien of the tax vests in the purchaser, and is 
only divested by the payment to him, or to the Tax Collector, for his 
nse, of the purchase money and two per cent, per month from the 
day of sale until redemption. 

Sec. 31. A redemption of the property sold may be made by the 
owner, or any party in interest, within twelve months from the date 
of purchase. Redemption must be made in gold or silver coin, as 
provided for the collection of State and county taxes, and when made 
to the Collector, he must credit the amount paid to the person named 
in the certificate, and pay it on demand to the person or his assignees. 
In each report the Collector makes to the Board of Commissioners, 
he must name the person entitled to redemption money, and the 
amount due to each. On receiving the certificate of sale, the County 
Recorder must file it, and make an entry in a book similar to that 
required of the Collector. On the presentation of the receipt of the 
person named in the certificate, or of the Collector, for his use, of 
the total amount of the redemption money, the Recorder must mark 
the word "Redeemed," the date, and by whom redeemed, on the cer- 
tificate and on the margin of the book where the entry of the certifi-" 
cate is made. If the property is not redeemed within twelve months 
from the sale, the Collector, or his successor in oflice, must make to 
the purchaser, or his assignee, a deed of the property, reciting in the 
deed substantially the matters contained in the certificate, and that 
110 person redeemed the property during the time allowed by law 
for its redemption. The Collector shall receive from the purchaser, 
for the use of the district, two dollars for making such deed. 

Sec 32. The matters recited in the certificate of sale must be 
recited in the deed, and such deed, duly acknowledged or proved, is 
prima facie evidence that: 

First— The property was assessed as required by law. 

Second — The property was equalized as required by law. 

Third — The taxes were levied in accordance with law. 
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Fourth — The taxes were not paid. 

Fifth — At a proper time and place the property was sold as pre- 
scribed by law, and by the proper officer. 

Sixth— The property was not redeemed. 

Seventh — The person who executed the deed was the proper officer. 

Eighth — Where the real estate was sold to pay taxes on personal 
property, that the real estate belonged to the person liable to pay the 
tax. 

Such deed, duly acknowledged or proved, is (except as against 
actual fraud) conclusive evidence of the regularity of all of the pro- 
ceedings, from the assessment by the Assessor, inclusive, up to the 
execution of the deed. The deed conveys to the grantee the absolute 
title to the lands described therein, free of all incumbrances, except 
when the land is owned by the United States or this State, in which 
case it is prima facie evidence of the right of possession. 

Sec. 33. The assessment book or delinquent list, or a copy thereof, 
certified by the Tax Collector, showing unpaid taxes against any 
person or property, is prima facie evidence of the assessment, the 
property assessed, the delinquency, the amount of taxes due and 
unpaid, and that all the forms of the law in relation to the assess- 
ment and levy of such taxes have been complied with. 

Sec. ^4. The Tax Collector may, after the first Monday in Feb- 
ruary of each year, collect the tax due on personal property, except 
when the real estate is liable therefor, by seizure and sale of any per- 
sonal property owned by the delinquent. The sale must be at public 
auction, and of a sufficient amount to pay the taxes, percentage, and 
costs. The sale must be made after one week's notice of the time 
and place thereof, given by posting in three public places. For seiz- 
ing or selling personal property the Tax Collector may charge, in 
each case, the sum of three dollars, for the benefit of the district, and 
mileage at the rate of twenty cents per mile. On payment of the 
price Did for any property sold, the delivery thereof, with a bill of 
sale, vests the title thereto in the purchaser. All excess over the 
taxes, per cent., and costs, of the proceedings of any such sale, must 
be returned to the owner of the property sold, iand until claimed 
must be deposited in the treasury of the district, subject to the order 
of the owner, his heirs or assigns. The unsold portion of any prop- 
erty may be left at the place of sale at the risk of the owner. 

Sec. 35. Interest at the rate of one per cent, per month must be 
collected on all delinquent taxes from tne time they were first delin- 
quent until paid. When land is sold for taxes correctly imposed, as 
the property of a particular person, no misnomer of the owner or 
supposed owner, or other mistake relating to the ownership thereof, 
affects the sale or renders it void or voidable. 

Sec. 36. On the first Monday in each month the Tax Collector 
must settle with the Secretary of the Board for all moneys coUiected 
for taxes, and pay the same over to the State Treasurer ; and within 
six days thereafter he must deliver to, and file in the office of, the 
Secretary, a statement under oath, showing: 

First — An account of all his transactions and receipts since his last 
settlement. 

Second — That all money collected by him as Tax Collector has been 
paid. 

The Tax Collector shall also file in the office of the Secretary the 
receipt of the State Treasurer for the money so paid. 
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Sec. 37. Upon presentation of the coupons due to the State Treas- 
urer he shall pay the same from said Bond Fund. Whenever, after 
ten years from the issue of said bonds, said fund shall amount to the 
sum of ten thousand dollars, the Board of Commissioners may direct 
the State Treasurer to pay such an amount of said bonds as the 
jnoney in said fund will redeem, at the lowest value at which they 
may be offered for liquidation, after advertising for three weeks in 
some daily newspaper published in the City and County of San 
Francisco and State Capital, for sealed proposals for the redemption 
of said bonds. Said proposals to be opened by the Board in open 
meeting at a time to be named in the notice, and the lowest bid for 
said bonds shall be accepted, provided that no bond shall be redeemed 
at a rate above par. In case the bids are equal, the lowest-numbered 
bond shall have the preference. In case none of the holders of said 
jbonds shall desire to have the same redeemed, as herein provided, 
said money shall be invested by the State Treasurer, under the direc- 
tion of the Board, in United States gold interest-bearing bonds, or 
the bonds of the State, which shall be kept in said Bond Fund, and 
may be used to redeem said district bonds whenever the holders 
thereof may desire. 

Sec. 38. After adopting a plan of said canal and works,, divided 
into convenient sections, the Board of Commissioners shall give 
notice by publication thereof, not less than twenty days, in one news- 
paper published in each of tne counties comprising the district, and 
in such other newspapers as they may deem advisable, calling for 
bids for the construction of each separate section of the work, includ- 
jing the furnishing of any material required therefor, and that plans 
jand specifications can be seen at the office of the Board, and that the 
[Board will receive sealed proposals therefor, and that the contract 
will be let to the lowest responsible bidder, stating the time and 
place for opening said proposals, which, at the time and place 
appointed, shall be opened in public ; and, as soon as convenient 
thereafter, the Board shall let said work, either in sections or as a 
whole, to the lowest responsible bidder, or they may reject any or all 
bids, and readvertise for proposals, or may proceed to construct the 
work under their own superintendence, with the labor of the residents 
of the district. Contracts for the purchase of material shall be 
awarded to the lowest responsible bidder. Any person to whom a 
contract may be awarded, shall enter into a bond, with good and 
sufficient sureties, to be approved by the Board, payable to the State 
of California, for the use of said district, for one-fourth the amount 
of the contract price, conditioned for the faithful performance of 
said contract. The work shall be done under the direction and to 
the satisfaction of the Chief Engineer, and be approved by the Board. 

Sec. 39. No claim shall be paid by the State or District Treasurer 
until allowed by the Board, and only upon a warrant signed by the 
President and countersigned by the Secretary; provided^ that the 
Board may draw, from time to time, from the Construction Fund, 
and deposit in the district treasury, such sums as shall be required to 
meet the current expenses of said canal and works; but there shall 
not be at any time more than fifty thousand dollars in the district 
treasury. The Board shall, at each regular meeting, ascertain the 
amount of money in the treasury of the district, and estimate, as 
near as may be, the amount required to meet all warrants to be pre- 
14 
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sented before the next regular meeting, and shall then order the 
surplus, if any, to be paid to the State Treasurer ; and said surplus 
shall be placed by him to the credit of the Bond Fund of the district 
The Treasurer of the district shall report, in writing, to the Board 
each month, the amount of money in the treasury, and amount of 
receipts for the month, and the amount and items of expenditures.! 
Said report shall be filed with the Secretary of the Board. 

Sec. 40. The cost and expense of jDurchasing and acquiring prop- 
erty, and constructing the works and improvements herein provided 
for, shall be wholly paid out of the Construction Fund. From time 
to time, as portions of said work are so completed as to be put into 
convenient operation and use, the water mentioned in this Act shall 
be first applied to purposes of irrigation ; and in making such appli- 
cation the Commissioners shall allow to the owners or possessors of 
all irrigable lands within the district such quantities of such water 
as shall be fair, equitable, and in proportion to their needs and 
requirements as such land owners or possessors. All water not 
needed for irrigation, or which can be applied to other purposes 
without interfering with or preventing the complete irrigation of all 
irrigable land in the district for which water is applied, shall be used 
for and applied to purposes of transportation, navigation, and such 
other purposes as the Commissioners may direct; and whenever it 
can be done, without failing to accommodate the necessities and 
requirements of irrigation, and navigation, and transportation, the 
Commissioners may sell the use of said water for manufacturing or 
other purposes. The Board may fix the rates of tolls and charges, 
and collect the same from all persons using said canal or works for 
transportation, irrigation and other purposes, subject, however, to the 
power of the Legislature to change, alter, or modify such water rates, 
tolls, and charges. The proceeds of all collections made for tolls or 
charges made for water used for any other purposes than irrigation 
shall be deposited in the district treasury, and be applied : first, to 
the payment of the expenses of the care, operation, management, 
repair, and improvement of such portions oi said canal and works 
as are completed and in use, including salaries of officers and em- 
ployes; second, to the pavment of the interest on said bonds; and 
third, to the payment of the principal of the bonds. If said proceeds 
be insufficient to pay said expenses of care, operation, management, 
repair, and improvement, the Board of Commissioners may collect 
from persons using said water for irrigation such rates and charges 
as will suffice to pay said deficiency, charging each person benefited, 
as near as practicable, equally and uniformly, according to the water 
used ; but shall, as near as practicable, only collect from irrigators 
sufficient revenue to pay said deficiency; and from time to time, as 
it deems best, the Board shall fix the amount of said charges upon 
irrigators, so as to raise only the revenue aforesaid. 

Sec. 41. The Board of Commissioners shall have power to con- 
struct the said works across any stream of water, water-course, bay, 
street, avenue, or highway, railway, canal, ditch, or flume, which the 
route of said canal shall intersect or cross, in such manner as to 
afford security for life and property; but said Commissioners shall 
restore the same, when so crossed or intersected, to its former state as 
near as may be, or in a sufficient manner not to have impaired 
unnecessarily its usefulness; and every company whose railroad 
shall be intersected or crossed by said works shall unite with said 
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Dommissioners in forming said intersections and crossings, and grant 
he privilege aforesaid ; and if such railroad company and said Com- 
nissioners, or the owners and controllers of the said property, thing, 
)r franchise so to be crossed, cannot agree upon the amount to be 
i)aid therefor, or the points or the manner of said crossings or inter- 
jections, the same shall be ascertained and determined in all respects 
is is herein provided in respect to the taking of lands. The right of 
s^ay is hereby given, dedicated, and set apart, to locate, construct, 
md rnaintaii^L said works over and through any of the swamp and 
overflowed lands belonging to this State, or any other lands which 
are now or may be the property of this State ; and also there is given, 
dedicated, and set apart for the uses, and purposes aforesaid, all 
waters and whaler rights belonging to this State within the district, 
Necessary for said purposes. 

Sec. 42. The Commissioners shall each receive four dollars per- 
day, and mileage at the rate of twenty cents per mile, in attending 
meetings, and actual expenses paid while engaged in official business 
under the order of the Board. The Assessor shall receive a salary of 
twelve hundred dollars per annum ; and the Tax Collector shall 
jreceive a salary of fifteen hundred dollars per annum for his services 
»s Tax Collector, and the Treasurer shall receive one thousand dol- 
lars per annum, to be paid out of the treasury of the district. 

Sec. 43. The cutting or willful damage of any canal, ditch, or 
other w^orks of the district, or unauthorized taking of water there- 
from, or the drainage of cess-pools, or other filth into such canal, 
ditch, or other works, is hereby declared to be a misdemeanor, pun- 
ishable by a fine of not less than ten nor more than two hundred 
dollars, or by imprisonment in the Countv Jail not less than five nor 
imore than one hundred days, or by both such fine and imprison- 
Iment, at the discretion of the Court. 

Sec. 44. If any Commissioner, or any other officer holding office 
under and by virtue of this Act, shall in any manner be interested, 
directly or indirectly, in any contract awarded or to be awarded by 
the Board, or in the profits to be derived therefrom, he shall be 
deemed guilty of a felony, and such conviction shall work a forfeit- 
ure of his office, and he snail be punished by imprisonment in the 
State Prison for a period of not less than one year nor more than five 
years. 

Sec. 45. In case the tax is voted, as provided in this Act, to facil- 
itate the organization of the district the Board of Commissioners are 
hereby autliorized and empowered to borrow upon the credit of the 
district a sum not .exceeding ten thousand dollars, to be repaid out 
of any money realized from the first sale of bonds. The Commis- 
sioners and officers of the irrigation district herein provided for shall 
have no power to incur any debt or liability whatever, either by issu- 
ing bonds or otherwise, in excess of the bonds in this Act provided 
for ; and any debt or liability in excess of said amount shall be and 
remain absolutely void. 

Sec. 46. No Chinese labor shall be employed in the construction 
of any canal or ditch provided for in this Act. 

Sec. 47. This Act shall take effect from and after its passage. 
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CHAPTER DXOI. 

AN ACT SUPPLEMENTAL TO AN ACT ENTITLED "AN ACT TO CREATE AN IRRI- 
GATION DISTRICT TO BE CALLED THE WEST SIDE IRRIGATION DISTRICT," 
APPROVED APRIL THIRD, EIGHTEEN HUNDRED AND SEVENTY-SIX. 

* 

t 

[Approved April 3, 1876.] 

The People of the State of California, represented in Senate and Assembly} 

do enact as follows : \ 

Section 1. It shall be the duty of the Governor, immediately 
after the passage of this Act, to appoint three competent Commission- 
ers, who shall perform the duties hereinafter imposed upon them. 

Sec. 2. As soon as practicable after the appointment of said Com- 
missioners, they shall proceed to make a careful examination of the 
district referred to in said Act, between Tulare Lake and the Town 
of Antioch, and shall cause to be made a thorough topographical 
survey of said proposed canal, and shall definitely locate the same 
from the point of beginning to the point of termination ; they shall 
accurately determine the extent, limits, and exterior boundaries of 
said district, and shall make accurate plats and charts of said dis- 
tricts, and of the line of the proposed canal ; they shall specify the 
dimensions and grade of said proposed canal, and make an accurate 
estimate of the cost of constructing the same. They shall make a full 
report, in detail, of the matters herein specified, and file the same 
with the Governor on or before the first day of March, eighteen 
hundred and seventy-seven, with such plats and charts as may be 
necessary for a full understanding of said report. Said report shall 
be published in at least one newspaper published in each of the 
counties in which any portion of said district is located, for at least 
thirty days preceding the election hereinafter provided for. 

Sec. 3. After the filing of said report, the Commissioners shall 
order an election to be held in said district, at the time, in the man- 
ner, and for the purposes mentioned in section three of the Act to 
which this Act is supplemental ; all the powers and duties conferred 
upon the Roard of Commissioners whose appointment is provided for 
in section two of said Act, and not in conflict with the provisions of 
this Act, are hereby conferred upon the Commissioners appointed by 
virtue hereof; provided, that so much of said section three of said Act 
to which this Act is supplemental as requires an election to be held 
within sixty days after the passage of said Act, is hereby repealed ; 
and provided, that at said election to be held on the first Tuesday in 
Ma3% eighteen hundred and seventy-seven, the ballots shall contain, 
in addition to the names of the persons to be voted for, the words 
" Tax — Yes," or " Tax — No." If a maiority of those voting on the 
question of said tax shall vote " Tax — No," the Board of Commission- 
ers shall so proclaim it, and no further proceedings shall be had 
under this Act or the Act to which this Act is supplemental ; but if 
a majority of those voting on said question shall vote "Tax — Yes," 
the Commissioners shall so proclaim it, and shall proceed as in said 
Act provided, and all plats, maps, and charts of said canal, and of 
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the district, shall be delivered to the Commissioners elected at such 
election. 

Sec. 4. The said Commissioners provided for in this Act may 
employ one chief engineer and such additional surveyors, draughts- 
men, and other assistants as they may deem necessary, who shall each 
be paid a reasonable compensation, to be agreed upon by them and 
the Commissioners. 

Sec. 5. The said Commissioners, before making their report, must 
call in for consultation some member of the United States Engineer 
Corps, or if none can be obtained, then some other competent engi- 
neer, and must submit to him the maps and charts made, and may 
pay him a reasonable compensation for his services. 

Sec. 6. This Act shall take effect from and after its passage. 
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